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In the spring of 1950, SONY released the first tape 
recorder in Japan, under the trade name “Tapecorder.” 
Today, its line embraces a wide selection of models 
available in Australia—ranging from popular home- 
e monaural and high-quality stereophonic to the pro- 
sional equipment for the broadcasting industry. 


fi 
SONY tape recorders are now sold in countries all over 
the world. 

It was back in 1949 that a group of SONY physicists, 


chem metallurgists and engineers developed the 
ecording tape and, simultaneously, the tape 
and finally succeeded to put on the market 
the first recording tape—the “SONI-tape,” as well as 
the “Tapecorder.” 

SONY kept moving forward, pioneering in the field of 
tape recording, until SONY stood out as a leading 
manufacturer of integrated production of tape recorders, 
with achievements like these: 


FIRST IN JAPAN: 


Magnetic Recording Tape In 1949 
Tape Recorder In 1950 
Transistor In 1954 


All-transistor Radio In 1955 
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FIRST IN THE WORLD: 


Pocketable Transistor Radio In 1957 
Two-band Transistor Radio In 1957 
Transistor FM Radio In 1958 
Esaki Tunnel Diode In 1959 
All-transistor TV In 1959 
Transistor Video Tape Recorder In 1960. 
Chromatron Colour TV In 1963 
Home-use Video Tape Recorder In 1964 
Line-sequential Colour Tape Recording System In 1964) 
Transistor Microphones In 1965 
Home-use Colour Video Tape Recorder In =| 
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E an era when the key word is “electronics,” it may seem strange to be publish- 

ing a book under the title “Basic Radio Course.” We do so quite deliberately, 
however, firstly because "radio still accepted as a collective term and secondly 
because the course itself is so well established under that name, 


The course gained recommendation as standard reading for radio clubs and 
tuitional groups throughout Australasia and continued requests for copies of it 
soon exhausted stocks of the relevant back numbers, This present reprint brings 
all the material together between two covers and constitutes a technically sound, 
troduction to the entrancing science of radio. But, having used the 
for its past associations, let's try to get used to the more appropriate 
and embracing term “electronics.” 


In fact, this course will give you a basic insight into electronics — the most 
rapidly expanding branch of science in this modern age. Electronics includes 
radio, television and sound reproduction — the activities which nurtured it, It 
provides the key to communication, navigation and control of “earth-bound” 
vehicles and missiles, and those which’ now head outwards into space; electronics is 
responsible for the computers which are taking over the storage and Processing 
of data, ranging from the humble electric light account to the most complicated 
mathematical procedures; it is Providing the technologies to revolutionise. manu- 
facture, measurement and research, from inanimate machines and products to the 
diagnosis and treatment of human sickness. 

In more and more fields of endeavour, the person who can think in terms of 
electronics has a tremendous advantage over those who can't. Young people with 
an interest in electronics, perhaps generated by a hobby acti y, have their foot 
on the first rung of a ladder which can lead to successful and rewarding careers 


in various branches of this rapidly expanding science, 


This basic course will serve as an introduction to electronics — we trust an 
effective one. When you have assimilated the information it contains, you will 
be in a good position to enlarge upon it by studying other more comprehensive 
textbooks and by embarking upon more advanced constructional Projects, with 
the help of magazines such as “ELECTRONICS Australia.” 
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CHAPTER I: 


charge. Atoms, molecules and ions. Electric current and 


Electrons, protons and electric 


pressure. The Ampere and the Volt. Conductors, semiconductors 


and insulators. The Ohm. Fixed resistors, wire-wound 


and carbon. Vai 


AX, good stories of our childhood 
began, it seems, with the phrase, 
"Once upon a time." In like manner, 
most elementary radio textbooks begin 
with a discussion of the electron theory 
and surely that is the logical place to 
make a start. 

can never hope to understand the 
principles of modern radio and elec- 
tronic apparatus, without a working 
knowledge of electrons and their be- 
haviour. 

Once having grasped the idea of elec- 
trons in motion, the question of electri- 
cal current ceases to be a mystery. You 
will see immediately the significance of 
terms like conductor, insulator, resistor 
and so on. 

Let's start then with a little bit of 
chersi, or physics—call it what you 
ike. 

Scientists tell us that all matter, 
whether it be solid, liquid or gas, is 
composed basically of minute electric 
charges, of which there are two main 
varieties. 

One of these is the ELECTRON, 
which may be defined as the smallest 
existent quantity of negative electricity. 
Its opposite number of the more massive 
PROTON, which is an electric charge 
of the same magnitude, but of apposite 
or positive sign. 


ELECTRIC CHARGES 


Just what electrons and protons and 
other uncharged components of atoms 
actually are need not concern us here. 
For our purposes they may be thought 
of simply as electric charges, using this 
term as a convenient name. 

Electrons and protons do not "norm- 
ally" exist alone, but are usually asso- 
ciated with one another in groups. Each 
group is thought to resemble in certain 
ways the planetary system of which our 
world forms a part, 

If it were possible to peer into these 
sub-microscopic realms, we would be- 
hold a host of miniature — "planetary 
systems." In each, we would see a 
proton, or a group of protons and other 

‘icles forming a nucleus, and whirl- 
ing around them, a number of single 
electrons. 

In actual fact, each tiny “planetary 
system" constitutes an atom of a par- 
ticular substance. And, from our chem- 
istry, we know that an atom is the 
smallest. particle of any substance ob- 
tainable by chemical separation, or cap- 
able of entering into chemical combina- 
tion. One hundred million of them, ar- 
ranged end to end, would just about 
equal in length three words of this type. 
Although no one has ever seen a 


ble resistors, rheostats and potentiometers. 


single atom, or the electric charges 
which compose them, scientists have 
been able, by roundabout means, to de- 
duce quite a lot of information about 
them. 

They know, for example, that the 
simplest of the lot is the hydrogen atom, 
which has a single proton as a nucleus. 
with a single electron spinning around 
it. A helium atom has two protons with 
two planetary electrons. An atom of 
lithium has three protons in the nucleus, 
two electrons whirling on an inner orbit 
and a single electron on an outer orbit. 

Every atom is electrically ba'anced in 
its normal state. The three examples 
just quoted contained respectively one, 
two and three positive and negative 
charges each. 

This state of affairs is maintained in 
even the very complicated atomic struc- 


Hydrogen Atom Lithium Atom 
Figure 1: Atoms consist basically of 
one or more electrons revolving 
around a positively charged nucleus. 
Some atoms have a quite complex 
nucleus and numerous planetry elec- 
trons in a variety of orbits. 


nlike 
Like 


Figure 2: The classic rule that “like 

charges repel, unlike charges attract 

one another” can be illustrated by 

the behaviour of charged pith balls, 

hung side by side on fine, silk or 
nylon threads. 


tures. An atom of copper, for example 
has 64 protons and 35 electrons grouped 
in the central nucleus; but the excess 
positive charge here is exactly bal- 
anced by the 29 electrons which revolve 
‘on various orbits around the nucleus. 

It is important to note that the elec- 
trons and protons comprising the various 
atoms remain simply electric charges. 
An electron associated with a hydro- 
gen atom is identical to one in a cop. 
per atom, even though it may be placed 
differently in the structure. 

The particular combination of pro- 
tons and electrons determines to what 
chemical element the atom belongs. The 
number of natural chemical elements is 
believed to total 95, which means that 
there are 95 different atomic structures. 

Theoretically, at least, some atoms 
can exist in the solitary state and ex- 
hibit all the chemical properties of 
the element in bulk; typical are the 
atoms of the rare gases helium and 
neon. Such atoms may also be re- 
ferred to as MOLECULES. 

In the case of other elements, the 
atoms, for chemical purposes, are 
normally found in groups of two or 
more, and these atomic groups are also 
known es molecules. 

A third variety of molecules is that 
belonging to a chemical compound, in 
which unlike atoms are found in com- 
bination. 

In short, molecule can be defined 
as "The smallest portion to which any 
given substance can theoretically be 
divided, without altering its chemical 
properties." 


ELEMENTS & COMPOUNDS 


The chemical compounds in existence 
are without number but they are all 
produced by varied combination of the 
95-odd basic elements; they are built 
from the 95-odd atomic "bricks." 

It is hard to realise that the most un- 
interesting, the most inert substance 
one can imagine is composed of count- 
less atoms, with their numerous swiftly 
moving electrons. Indeed, the speed 
with which each individual electron 
revolves in its orbit is enormous, despite 
the fantastically small circumference of 
even the largest atom. 

But there are other matters of more 
immediate interest to the reader of 
this article. The outer electrons in many 
types of atom are rather wayward in 
certain conditions and it is not uncom- 
mon for them to wander rather aim- 
lessly into the structure of an adjacent 
atom. 

This leaves the original atom short 
of an electron so that, for a very 
brief interval, it may have an excess 
positive charge. In other words, the 
loss of an electron has upset its elec- 
trical balance. 

Atoms in this state are known as 
IONS. They are said to be positivc 
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ions if they have lost an electron, and negative ions if they 
an extra electron. 
wandering free of attachment to 
negative ions. The word ion is, 
in fact, often simply used to signify a charged particle. 

A fundamental Principle of electricity is that like charges 
repel and unlike charges attract, (See figure 2). 


ave perchance acquired 
The electrons which are 
àn atom may also be called 


ation of this principle soon 


Created by a meandering electron. 


tron. 
Naturally, 
that there 


material. 


character and the average movement of 
electrons in one direction is exactly bal- 
anced by electron movement in the oppo- 
site direction. 


is possible to alter this 
rs so that there is a defined 
movement of electrons in a certain dir- 
ection through the substance. Any such 
clearly defined electron movement in a 
given direction through a substance is 
known as an ELECTRIC CURRENT. 

AII readers will have handled an elec- 
tric battery at some time or other, in 
One of its many forms, This general 
subject be treated in detail in a later 
article; it is sufficient to state just here 
that a battery is a device which, by 
electro-chemical action, can produce a 
surfeit of free electrons (as negative 
ions) at one terminal and positive ions 
at the other, 

Between its terminals is built up an 
electric pressure which, in electrical par- 
lance, is known as an eltctro-motive 
force (EMF) or, more simply, a poten- 
tial, 

These terms actually have definite and 
slightly different meanings, but for our 
Purposes they may be regarded as iden. 


tical, 


ELECTRON MOVEMENT 


In figure 3, we see a piece of copper 
wire connected between the terminals of 
an clectric battery. We can expect the 
Positive terminal to exercise a strong 
attraction for the outer electrons in the 
nearest atoms. This, indeed, is the case 
and a definite movement of electrons 
becomes evident in the direction of the 
Positive battery terminal. 

At the other end of the wire, the 
negative battery terminal is quite ready 
to part with some of its excess elec- 
trons, and these go to replace those lost 
to the positive terminal. The Potential 
or EMF of the battery thus initiates an 
electric current through the copper wire, 
there being a nett electron flow from 
the negative to the positive terminal. 

Unfortunately, in making this state- 
ment, we run up against an apparent 
contradiction. The early pioneers knew 
nothing of electrons, although they could 
observe the effects of electric current and 
potential. So charges were labelled “posi- 
live" and "negative" for identification, 
after which they reasoned that current 
must flow from positive to negative, 

Unfortunately they were Wrong and 
we can do no better than brand their 
tuling as the “conventional” direction of 
flow. But, for our own clarity of 
thought, let us remember that true elec- 
tric current is a movement of electrons, 
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corrects the state of unbalance 
The positively charged 
atom (ion) immediately attracts an electron from elsewhere. 
While the negative ion quickly disposes of one surplus elec- 


nearby atoms are disturbed in the Process, so 
may be a continuous and random movement 
of electrons within the confines of the Particular piece of 
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The oper- 
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and that is always from negative to posi- 
tive, 

Electrons are far too minute to be use- 
ful as a measure of current flow, and the 
standard unit is the AMPERE, generally 
abbreviated to the AMP. 

The ampere has a physical definition, 
the exact nature of which concerns stan- 
dards laboratories throughout the world. 
Our requirement is merely to record the 
ampere as the basic unit for current 
measurement. 

For purposes requiring a smaller unit 
than the ampere, we have: 

1 milliampere equals .001 amp. 

1 microampere equals .000001 amp. 

Conversely: 

l amp equals 1,000 milliamperes. 

1 amp equals 1,000,000 microamperes. 

These relationships should be mem- 


Wire 


Figure 3: When an external agency 

causes electrons to move predomin- 

ately in one direction in a conductor, 

the phenomenon is described as a 
flow of electric current. 


A—Color for Ist significant figure. 
B—Color for 2nd significant figure. 
C—Color for No. of noughts. 
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orised as you will find yourself coming 
up against them all the time in radio 
and electrical theory. 

The accepted unit of electro-motive 
force (EMF) or potential is the VOLT. 
A battery may typically be defined as 
having an EMF between its terminals 
of, say, 1.5 volts, Alternatively we may 
state that its VOLTAGE is 1.5, or any 
other figure which might apply. 

Larger and smaller terms for defining 
voltage are: 

1 kilovolt equals 1,000 volts, 

1 millivolt equals 001 volt. 

1 microvolt equals .000001 volt, 

Alternatively: 

1 volt equals .001 kilovolt, 

1 volt equals 1,000 millivolts, 

1 volt equals 1,000,000 mi. 'rovolts. 

Coming back to figure 3, we must 
not imagine that the path of any indi- 
vidual electron through the copper wire 
is unimpeded, like a meteor through 
outer space. 

It leaves the negative terminal and 
collides with the first atom in its path. 
It may take its 
System of that atom, while the electron 
it displaced moves off toward the posi- 
tive battery terminal. 
it may itself be displaced, allowing it 
to move on again. So the current may 
consist of many 
“jumps” by many different electrons, 

y its very structure the copper offers 
some resistance to the passage of the 
current, ause of electron-atom col- 
lisions, etc. : 

For all that, the current passes easily 
enough, so that copper is one of the 
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substances classified as a CONDUCTOR 
of electricity. Into this general classifica- 
tion fall the various metals, carbon and 
certain other substances and liquids. 
Some offer more resistance to current 
flow than others, but all are conductors. 

Current can flow through them, or 
from one to another if two or more con- 
ductors are brought into direct physical 
contact. 

In another group are a large number 
of substances in which there is very 
little transfer of electrons from atom to 
atom, unless a very large external elec- 
tric pressure is applied. Such substances, 
which under normal conditions conduct 
to a negligible degree only, are called 
INSULATORS, 


Shown at the 
right are dissem- 
Eled views of two 
types of potentio- 
meter. The one at 
the left has a 
carbon strip 
element, a type 
commonly used in 
receivers as a 
volume ^ control. 
The second has a 
wire-wound resis- 
tance element, 
commonly used 

resistance 
values of 10,000 
ohms and less. 


large resistor at 
the rear is a wire- 
wound type rated 
to dissipate up to 
20 watts of heat- 
energy. The 
smaller ones in 
front are much 


Some substances are very useful in 
this respect, maintaining their insulating 
properties despite heat and high electric 
pressures, Others can withstand only 
moderate heat or applied electric pres- 
sure before they conduct appreciably, 
and may "break down" and char, due 
to permanent structural damage. 

In a later chapter we will deal with a 
third group of substances which are 
midway between conductors and insula- 
tors and which may be used in special 
ways. These are called SEMICON- 
DUCTORS but, apart from mentioning 
their existence, we will not deal with 
them any further at present. 

Typical insulating materials are 
ebonite, mica, shellac, silk, oil, and dry 

and most modern plastics, 

insulating materials are used to sup- 
port, isolate or contain conductors 
which are part of an electric circuit. 
current can flow 
ig materials, their 
presence does not—or should not—affect 
the operation of the circuit. 


CONDUCTORS & INSULATORS 


A good illustration of conductors and 
insulators in combination is seen in the 
plug and socket arrangement in figure 
4. When the two units are fitted to- 
gether, current can flow via each indi- 
vidual metallic pin and its metallic con- 
tact. The surrounding bakelite provides 
the necessary mechanical support, but 
does not allow appreciable electron 
transfer between individual pins. 

As we shall see in later chapters, there 
is a very definite place in electrical cir- 
cuits for substances which can be classed 
as neither good conductors nor good 
insulgtors; in other words, for substances 
which offer considerable resistance to 
the passage of current through them. 

The connection of a copper wire be- 
tween the terminals of a battery, as in 
figure 3, would result in a heavy flow 
of current, sufficient probably to dis- 
charge the battery. 

‘A longer connecting wire would tend 
to reduce the current by reason of the 


longer path the current would have to 
traverse. Substitution of a finer gauge 
wire would have the same effect, since 
much reduced cross-sectional area is 
available for the electron movement. 

By substituting an iron wire for the 
copper, still greater resistance would be 
evident, with a consequent reduction in 
current flow. 

In other words, by deliberately intro- 
ducing resistance into a circi it is 
le to limit or control the current 
flowing, exactly as a tap controls the 
flow of gas in your domestic range. 

Actually, there are other uses for this 


Figure 4: Electrons can move along 

conductors but not through insulating 

materials, Each, therefor 

important part to play in ele 

apparatus. Illustrated above ii 
plug and socket. 


Figure 5: A group of resistors, each 
offering a specific degree of oppos- 
ition or resistance to the flow of 


electric current. The appropriate 
symbol is shown in the circle. 


property of resistance in an electrical 
circuit, but the above remarks will be 
sufficient for the time being. 

The basic unit of resistance is the 
OHM, whi that amount of resist- 
ance which will limit the current through 
a circuit to one amp, when the applied 
EMF is one volt. For very high values 
of resistance it is more convenient to 
speak in term of KILOHMS and MEG- 
OHMS, the symbols for which are K 
and M. 

1 Kilohm equals 1,000 Ohms. 

1 Megohm equals 1,000,000 Ohms. 

1 Megohm equals 1,000 Kilohms. 

Resistance values up to 9,900 ohms 
are generally expressed directly in ohms, 
but between 10,000 and 990,000 ohms 
they are commonly expressed in Kil- 
ohms, and above 1,000,000 ohms in Meg- 
ohms. It is obviously easier to say and 
write 120K and 12M, for instance, than 
120,000 ohms and 12,000,000 ohms, al- 
though the two ways of showing the 
figures concerned mean the same thing. 


PRACTICAL MATERIALS 


Coming to the practical side of the 
matter, many substances exhibit suffi- 
cient opposition to the passage of an 
electric current to suggest their use in 


a circuit as a resistance element. How- 
ever, their physical adaptabi is also 
an important consideration, 

Certain metals and alloys, for ex- 


ample, exhibit quite high resistance, 
compared to copper, and lend them- 
selves for the purpose. Carbon, too, is 
the basis for some resistance elements. 

To facilitate the inclusion of a speci- 
fic amount of resistance in an electrical 
circuit, component manufacturers pro- 
duce small units known as RESISTORS. 
For.resistance values up to a few thoi 
sand ohms, these units consist gener- 
ally of a length of so-called "resistance" 
wire, wound spirally on a tube of card- 
board, glass, porcelain or other suitable 
insulating materi; 

The wire is joined to a terminal at 
either end, or to a lug or bare copper 
lead, to facilitate soldered connections. 
The resistor is then coated with lacquer 
or enamel to protect and locate the in- 
dividual turns of wire, and it is finally 
branded with its nominal resistance value 
in ohms. 

The actual resistance depends on the 
mature and the gauge of the wire used. 
and on the length of wire wound around 
the tube or FORMER. Resistors made 
up after this fashion are known as 
WIRE-WOUND types. 

For resistance values above a few 
thousand ohms, the wire-wound type pre- 
sents manufacturing difficulties, owing to 
the fine gauge and the nature of the 
wire which would have to be used, and 
also the bulk of the finished component. 
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As a result, an alternative type of 
resistor is generally used. Finely divided 
carbon or similar granules are mixed 
with a non-conducting binding material 
and moulded into small rods. The pro- 
Portion of carbon and binder and the 
physical dimensions govern the ultimate 
resistance of the small rod. This basic 
element may be moulded into a bakelite 
tube for further protection or simply 
coated with lacquer or enamel. 

Some carbon resistors are made by 
spraying a carbon compound on to the 
surface of an insulating rod, the nature 
and thickness of the coating determin- 
ing the resistance of the layer. 

Two copper “pigtails” for soldering 
complete the assembly of these so-called 
CARBON RESISTORS, Like the wire- 
wound types, they may be branded 
directly with their nominal resistance 
value or distinguished by means of a 
colour code, 

The standard RMA (Radio Manufac- 
turers’ Association) colour code is in- 
cluded for reference, It will be seen 
that the colour of the body, the colour 
of the end and of the band (or dot), all 
have a special significance. 

s the colour code table shows, the 
coding system used nowadays differs 
slightly from that used in the early days 
of radio, The significance of the colours 
has not changed, however. only the wav 
in which the coloured bands are arranged 
on the resistors themselves. 

When current flows through a resis- 
tor, the erratic movement of the elec- 
trons and the resulting electron friction 
absorb energy from the source of cur- 
rent, which is made evident in the re- 
sistor as heat. 

Without being more precise just here, 
the heat generated can be expressed in 

(ATT! The amount of heat which 
any resistor can DISSIPATE is closely 
related to its physical size and to the 
ity of the associated insulating ma- 
terials to withstand the effects of in- 
creased temperature. 


TYPICAL RATINGS 


Resistors commonly used in radio 
work, and illustrated in figure 5, range 
from one half to two inches long and 
carry dissipation ratings of from .25 to 
20 watts. Larger resistors are available 
for special purposes. 

The association of resistance and heat 
is best illustrated by certain common 
household electrical appliances. 

In the ordinary electric light globe, 
the filament is, in reality, a small but 
carefully designed resistance element. 
When connected to the specified EMF 
Or voltage, a current flows which is of 
sufficient magnitude to raise the tempe- 
rature to a white heat: the exclusion of 
oxygen from the glass envelope prevents 
the filament from disintegrating chemic- 
ally. 

In the electric radiator or toaster, the 
resistance element is more bulky and is 
designed to dissipate from 500 to 1,500 
watts, glowing at red heat in the pro- 
cess. This red hot glow supplies the de- 
sired warmth, 

In figure 5 you will note a circle con 

ing the first of many rather mys- 
terious symbols. The zig-zag line is 
actually the schematic symbol for a re- 
sistance. 

When electrical or radio engineers 
are depicting an electrical circuit, solid 
lines represent wires or connecting links. 
This is simple enough, but it would be 
a nuisance to have to sketch a resist- 
ance in detail whenever one had to be 
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resistor" normally 
denotes a unit 
having a fixed re. 
sistance element, 
with a moving 
contact arranged 
so that it can 
make connection 
at any point 
along its surface. 


shown in a particular portion of a cir- 
cuit. 

Engineers use these symbols to sim- 
plify both the drawing and the reading 
of schematic circuit diagrams. The sub- 
ject will be explained later in more de- 
tail; just remember that a zig-zag line in 
a circuit normally represents a resistor. 

One more point, and your reading of 
chapter 1 will be complete, 

There are various applications where 
it is necessary to vary the amount of 
resistance in circuit; this brings us to 
the term VARIABLE RESISTOR. 

The most elementary form of variable 
resistor is a wire-wound type with a 
small guide rail mounted above it; the 
guide rail carries a spring contact which 
presses down on the coil of resistance 
wire. One terminal or lug is connected 
to one end of the wire and the other 
to the adjustable contact. By simply 


Figure 7: In radio parlance, the 
term “potentiometer” usually denotes 
variable resistor with a connection to 
each end of the resistance element 
and to a moving connector, It is 
represented by the top symbol in the 
group, the other two inferring that 
only two connections are necessary— 
to one end and the tapping. 


moving the contact along the guide rail, 
the whole or part of the resistor is effec- 
tive between the terminals, (See figure 
6) 


As an alternative, a simple clip may 
be fixed around the resistance element, 
so arranged that it can be moved along 
as required, then tightened to make con- 
tact with the wire. 

Where ease of adjustment is import- 
ant, it is possible to have the resistance 
wire wound on a flat insulating strip, 
bent into about a three-quarter circle, A 
spindle is located at the centre point of 
the arc carrying a radius arm. As the 
spindle is rotated, this radius arm 
moves over the resistance element, mak- 
ing contact, as it passes, with each indi- 
vidual turn. 

One terminal connects to one end of 
the resistance element and the other ter- 
minal to the contact arm. Any value 
from zero to maximum resistance may 
be effective between the terminals, de- 
pending on the setting of the contact 


arm. 

In the earliest controls of this type, 
the wire-wound resistance element was 
left exposed, but mono practice is to 
house it in a moulded bakelite case for 
appearance and protection. 

For resistance values in excess of a 
few thousand ohms, the resistance ele- 
ment is usually a carbon mixture, 
moulded into the required shape. 

Some of the earliest variable carbon 
resistors merely contained loose carbon 
and mica granules, or carbon impregnat- 
ed discs, which were pressed together 
by the action of a screw; this decreased. 
the resistance as required. 

The appropriate schematic symbol for 
a variable resistor is the central one in 
figure 7. It depicts quite clearly the re- 
sistance element, with its end connec- 
tion and the moving contact. 

The bottom symbol also depicts a 
simple variable resistor, but it is less 
precise, in that it does not differentiate 
between the moving and fixed contacts, 
nor does it show the unused portion of 
the resistance element. Variable resistors 
having just the two connections, are 
commonly known as RHEOSTATS. 

Modern practice is to provide a var,- 
able resistor with three connections, one 
to each end of the resistance element 
and one to the moving contact, Such a 
unit is generally referred to as a PO- 
TENTIOMETER and all three connec- 
tions are normally employed in modern 
circuit practice. 

In cases where only two of the three 
connections are used — one moving and 
one fixed—the unit is said to be em- 
ployed as a rheostat. The appropriate 
symbol for a potentiometer is the top 
one in figure 7. It shows quite clearly 
the two end connections and the moving 
contact. 


For Cycles Read "Hertz" 


In common with many of the world's 


leading _ technical journals, “ELEC- 
TRONICS Ai now uses the 
basic term (abbreviated to 
"Hz") instead of the time-honoured 


term "cycles per second” (abbreviated 
to cps) used throughout this basic radio 
course, 

Also adopted at the same time were 
the compounds and abbreviations KHz 
or kilohertz (in place of kilocycles per 
second) and MHz or megahertz (in- 
stead of megacycles per second). 

"Hertz" has been used for 
years in continent; 


many 
Europe to honour 
the German physicist Hertz. At one 
time radio waves were called “Hert 
zian waves," since it was Hertz who 
did so much to verify their existence. 

Recently the term was adopted by 
the American Bureau of Standards and 
by the European CCIR organisation as 
the basic term for frequency measure- 
ment. In the interests of standardi 
tion, "ELECTRONICS Australia" 
cided to follow suit. 


CHAPTER 2: Primary cells. Their chemistry, 
construction and life — series and parallel 
connections — layer-built batteries. Secondary 


batteries or accumulators. The hydrometer. 


BATTERY may be defined as a 

device which, by chemical action, 
produces a surfeit of free electrons at 
one terminal and a large number of 
positive ions at the other. The first 
lerminal is negative; the second is said 
to have a positive charge, because it is 
deficient in free electrons. 

When the two terminals are joined 
by an external conducting path, the 
electron pressure or EMF of the bat- 
lery causes a movement of electrons 
along this path. In other words, the 
battery initiates the flow of an electric 
current through the external conductor. 


To be precise, a single electro- 
chemical unit should be referred to as 
a CELL; an interconnected group of 
cells makes up a battery, 


Investipators have produced quite a 
variety of electric cells and a lot of 
space could be devoted to a discussion 
of their chemical action and their char- 
acteristics. However, for the purpose 
of this article, it seems more appropri- 
ate to devote the necessary mental 
energy to a study of the types normally 
used with radio apparatus. 

The first crude cell was made in 1789, 
sufficient to establish the electro-chemi- 
cal principle. 

The first really practical cell was pro- 
duced by Georges Le Clanche in 1868. 
Le Clanche cells utilised a carbon rod 
for the positive electrode and a piece of 
zinc for the negative pole; the carbon 
is surrounded in a porous container by 
powdered manganese dioxide and the 
whole lot located in glass jar contain- 
ing a solution of sal-ammoniac (am- 
monium chloride), 


WET AND DRY 


The Le Clanche cell in this form, 
though an entirely practical arrange- 
ment, suffers from the disadvantage of 
havina a liquid electrolyte, subject to 
spilling and "creeping." 

The problem was largely overcome 
when, in 1888, a "dry" cell was pro- 
duced by Dr Gassner, utilising the basic 
Le Clanche principle but in a more con- 
venient form, 

The modern "dry" cell is essentially 
similar to that produced by Gassner. 
The glass jar is eliminated and the 
negative zinc electrode becomes the con- 
tainer for the chemicals. The 
carbon electrode is retained, as is the 
manganese dioxide, but the salam- 
moniac is thickened to a non-spillable 
paste. A coat of wax over the top serves 
to seal the whole unit. - 

Such a cell is not truly dry and, in- 
deed, could not be so. However, the 
cell may be used in any position without 
danger of the electrolyte spilling or 
doing damage to other apparatus. 
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Although dry cells have changed little 
in appearance for many years, various 
chemical refinements have trebled and 
even quadrupled their service life. 


When first manufactured, the cell 
builds up a certain potential across its 
terminals and, thereafter, the chemical 
action becomes very slight. However, 
there is always a slow chemical action 
going on and a drying out process, so 
that a cell will not remain fresh in- 
definitely. 

After a few months, its terminal volt- 
age begins to diminish and the amount 
of electrical energy it can supply be- 
comes very limited. 


The ability of a cell to remain “fresh” 
for a long period of idleness after manu- 
fecture is expressed in terms of its 
SHELF LIFE. Generally speaking, 
large cells have a much longer shelf life 
than small ones. 


The main factor controlling shelf life 
is the purity of the materials employed, 
particularly the zinc. If these were all 
100 per cent pure, most of the shelf 
life problems would be solved, Unfor- 
tunately, this level of purity is imprac- 
tical on a commer- 
cial basis and the 
battery manufactur- 
er has to be content 
with something less 
than this. 

However, against 
this background bat- 
tery manufacturers 
have improved bat. 
tery shelf life signi- 
ficantly over the 
years. In addition, 
they can design a 
battery to have 
either a long shelf 
life—at the expense 
of some other 
characteristic — or 
minimum shelf life 
where. other charac- 
teristics are more 


away vi 

“dry” Le Clanche 
cell, showing de- 
tails of contents, 


electrolyte, which 
permits the so- 
called "dry" con- 
struction, Voltage 
of the cell is 
approximately 
1.5, regardless of 


important and can be improved by so 
doing. t 

Again, for any one design, the tem- 
perature at which the battery is stored 
will have a significant effect on shelf 
life. High temperatures shorten it, low 
temperatures prolong it, so that it is 
customary to keep batteries in cold stor- 
age where the type of battery, kind of 
usage, and climatic conditions would 
otherwise create problems. t 

When, in actua] service, a conducting 
path is provided between the terminals 
there is an evident electron movement 
from negative to positive along the path, 
which tends to relieve the electron pres- 
sure within the cell. However, the cell 
automatically tries to maintain the initial 
potential between its terminals, so thc 
flow of electric current is invariably 
accompanied by increased chemical 
activity. 

The zinc of the container combines 
with the ammonium chloride to produce 
hydrogen and a basic chlorine compound 
containing both zinc and ammonia. This 
latter compound is responsible for the 
whitish crystals which are often in evi- 
dence in and around a run-down cell. 


The hydrogen makes it way to* 


rd 


the carbon rod, tending to surround it 
with a film of hydrogen. The gaseous 
layer 


Carbon Rod 
CES H 


could ultimately interrupt the 


Container 


Cardboard 
Case 


Manganese Dioxide 


Ammonium Chloride 
Paste. 
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chemical action but this so-called 
POLARISATION of the cell is prevented 
by the manganese dioxide which has al- 
ready been mentioned as surrounding the 
carbon. The manganese dioxide oxidises 
the hydrogen to form water and man- 
ganic oxide. 

An accepted explanation of the 
electro-chemical action is that zinc is 
deprived of zinc ions (not atoms) so 
that the zinc is left with an accumula- 
tion of free electrons. Further, that 
hydrogen ions move toward the carbon 
rod, so that it exhi a positive charge 
and the zinc a negative charge, 

All dry cells of this description have 
an initial EMF of 1.5 volts or there- 
abouts between their terminals, irrespec- 
tive of their physical size. However, 
large cells have a much longer shelf 
life than small cells, and, in service, 
can supply much heavier currents with- 
out running down. 


OPTIMUM SIZE 


Because of this, some care should be 
exercised in selecting the best size cell 
for a particular application. In general, 
larger cells are more economical than 
smaller ones, even though the latter hava 
the advantage of low initial cost and, 
possibly, greater convenience. 

On the other hand, it is unwise to 
use a cell which is so large, relative to 
the current drain, that its theoretical 
discharge life far exceeds its shelf life. 
There is, therefore, an optimum size for 
any application. 

The larger a cell, the greater is the 
surface area over which chemical activity 
can be evident. Therefore, such a cell 
is better able to maintain its electron 
pressure — or EMF — when called upon 
to deliver relatively high current. 

The loss of EMF due to output cur- 
rent may be regarded very conveniently 
as an apparent INTERNAL RESIS- 
TANCE of the cell itself. This internal 
resistance is smal| with large cells, and 
increases as the size of the cell is dim- 
inished, 

The largest dry cell in common usage 
measures about 6in in height and 2in 
in diameter, and has a shelf life of two 
Or three years—sometimes much longer. 
It is designed for a normal intermittent 
load of between 200 and 300 milliamps 
and is frequently used in telephone cir- 
cuits, 


TYPICAL CURRENTS 


The cells used in the larger type of 
"radio B battery," used in the valve-type 
portable radios of a few years back, 
were designed to handle normal loads 
up to only 15 milliamps or so, but gave 
a useful life on intermittent service of 
500 to 700 hours, 

The cells in the "energiser" type of 
batteries used in transistor equipment 
are designed along somewhat different 
lines to the usual type of cell, to suit 
them to the type of loading conditions 
imposed by transistor circuitry. When 
used with a piece of equipment which 
draws the current values for which they 
are intended, such batteries have about 
the same useful life as the "B" batteries 
mentioned above. 

Small single cells of the “penlight” 
variety will deliver only 8 or 10 milli- 
amps comfortably and would give only 
a small fraction of their service life if 
asked to supply such currents for any 
length of time. 

A sectional drawing of a typical dry 
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Cell is shown in figure 1, together with 
another of the schematic symbols dear 
to the hearts of radio and electrical 
engincers. 

‘As you can see, a single cell is repre- 
sented by two parallel strokes of unequal 
length, occurring in a solid line, As a 
rule, the longer stroke signifies the posi- 
tive side of the cell, but it is occasionally 
found the other way round. 


Figure 2. Simple series connection of 

cells, as in a torch. Total voltage 

will equal single cell voltage (1.5) 
times the number of cells, 


To be on the safe side, most circuit 
draughtsmen clearly mark the polarity 
With a plus and a minus sign, as shown. 

For many purposes the E.M.F. or 
voltage available from a single dry cell 
is often inadequate and a higher voltage 
is obtained by connecting two or more 
cells in SERIES, That is to say, they 
are linked together with the positive 
terminal of one cell going to the nega- 
tive terminal of the next, and so on. 

Any number of cells may be connect- 
ed in this way, and the two terminals 
left over are the positive and negative 
connections to the bank of cells—or the 
battery, as it is generally called. 

The most familiar illustration of this 
principle is that afforded by the ordinary 
two or three-cell torch. 

In ordinary torch cells the tip of the 
positive carbon rod protrudes through 
the wax and is fitted with a brass contact 
cap. The negative connection is actually 
the bottom of the zinc can. 

When the cells are pushed into the 
torch case they are automatically con- 
nected in series and the resultant E.M.F. 
is equal to the sum of their individual 
voltages. For two cells it is approxi- 
mately 3.0 volts, for three cells about 
4.5 volts, and so on. " 

The connection is illustrated graphic- 
ally and schematically in figure 2. 


Cardboard Case 


Figure 3. Another form of series con- 
nection, this time using soldered 
connections between cells. The form 
used by manufacturers fo combine 
a number of cells into a battery. 


For the sake of convenience, battery 
manufacturers often assemble a number 
of cells in a single package or cartom, 
connecting the cells together internally 
and bringing out just the one negative 
and the one positive lead. The actual 
voltage depends mainly on the number 
of cells contained. 

In figure 3, three cells are shown con- 
nected in this way, with the appropriate. 
schematic symbol beneath, 

The traditional radio B-battery, as 
indicated in figure 4, contained a total 
of 30 cells, delivering an E.M.F. of 45 
volts between the negative and positive 
terminals. Batteries delivering even 
higher voltages were quite common a 
few years ago, many being fitted with 
socket connections instead of clips, as 
shown. 

The method of representing such 
batteries schematically is worth noting. 
There is an obvious objection to draw- 
ing 30 or more individual cells, so that 
circuit draughtsmen normally show a 
couple of cells at each end, with a 
dashed line between them and a figure 
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battery). Tapping allows intermediate 
voltage. Note symbol, 


Figure 5, Parallel connection of 
cells, Voltage remains the same 
for one cell but combination has 
lower internal resistance. It can there- 
fore deliver greater current without 
serious loss of voltage. 


signifying the voltage of the battery, or 


even of a group of batteries. 

For certain applications, voltages may 
be required intermediate between the 
negative and the full positive E.M.F. 
Standard procedure, in this case, is to 
provide the battery with one or more 
intermediate terminals, connected to the 
appropriate point in the series network 
of cells, 

In the radio B-battery illustrated a 
lead is brought out from a point half- 
way along the series network of cells, 
giving a voltage 22.5 volts positive with 
respect to the negative terminal, 

Some special-purpose radio batteries 
have intermediate tappings' brought out 
from each cell in the network, or from 
each second or third cell, 

It is well to note in passing that 
two or moie cells may alternatively be 
connected in PARALLEL, the positive 
and negative terminals being joined to- 
gether as shown in figure 5, 


n 


With this arrangement, the E.M.F. 
between the terminals remains at 1.5 
volts (approx.), but the load current is 
shared between the total number of cells. 

Because each cell is then called upon 
to deliver only one half, one third, one 
quarter, etc., of the totai load, the bank 
of cells can handle a proportionately 
higher current than any one of the cells 
singly. 

A similar current capacity, with pos- 
sibly longer shelf life, could be obtained 
from a single very large cell, but the 
parallel arrangement is sometimes used 
for convenience or expedience. 

One of the later forms of dry battery 
is the LAYER BUILT type. The com- 
plete battery is made up of units (they 
are not strictly cells) consisting of a 
sheet of zinc faced with carbon, a separ- 
ator impregnated with ammonium 
chloride, and a flat cake of manganese 
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dioxide (figure 6). Although these are 
all the components of a complete cell, 
they are not in the right order to make 
it work. Each unit requires the carbon 
electrode from the next one, while 
supplying this electrode for the previous 
unit. 

The direct contact between units elim- 
inates interconnecting wires and there is 
none of the waste space occasioned by 
the former practice of assembling round 
cells in rectangular cardboard separators. 
Chemically, however, the cells are 
identical. 

THE ALKALINE CELL. A modified 
version of the Le Clanche cell, utilising 
an alkaline electrolyte instead of the 
acidic ammonium chloride, gives a better 
high. rate performance and can be more 
readily manufactured in smaller sizes. 

The smaller sizes are generally for low 
current drain applications only, although 
an “inside out" construction (i.e, with 
the positive plate connected to the outer 
case) has been designed, with potassium 
hydroxide as the electrolyte, for higher 
current drains. 


ADVANTAGES 


The energy volume ratio of alkaline 
manganese cells is higher than the acidic 
Le Clanche cell and they have a longer 
shelf life. They may well eventually re- 
place the Le Clanche for general com- 
mercial use but, at present, are slightly 
more costly to produce. 

Another type of primary cell is the so- 
called “mercury” cell, which has been 
used for some years now in hearing-aids 
and other continuous-use devices, and is 
finding use in some of the newer tran- 
sistor equipment (figure 7), 

The mercury cell uses zinc as the 
negative electrode, as before, but the 
positive electrode is of mercury. Mercuric 
oxide is used both as a source of the 
mercury and as ‘a depolariser. The 
electrolyte is a strong solution of potas- 
sium hydroxide and zinc oxide in water. 
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Figure 7. The 
mercury cell, 
showing two forms 
of construction, 
the flat and 
cylindrical, Note 
the "inside out” 
construction, with 
the positive 
outer case. 


* 


GASKET 


Figure 6. Con- 
struction of the 
"Layer Built” 
battery. This form 
saves considerable 
space and weight. 
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Mercury cells are commonly made 
“inside out"—that is, with the negative 
(zinc) electrode brought to the top as a 
cap. This enables a steel case to be used, 
both to connect to the positive mercury 
electrode and to act as a container. 

They may also be made in the "flat" 
variety, for stacking in series piles to 
produce voltages higher than that of a 
single cell. The voltage of a single mer- 
cury cell is approximately 1.35 volts, 
slightly lower than the Le Clanche type, 
but the internal resistance is generally 
very low in comparison, and mercury 
cells have a very high capacity. This 
makes them more suited to applications 
where the battery cannot be replaced 
very often, and to circuits which draw 
high currents for short periods, 

In all the cells we have described so 
far, the electro-chemical action neces- 
sarily ceases when the chemicals have 
been used up, and the cells are then of 
no further use. 

These so-called PRIMARY CELLS 
are distinguished from SECONDARY 
CELLS by the fact that the latter can 
be made to deliver current afresh by a 
process called RECHARGING. 

The most common type of secondary 
cell or battery is the lead-acid accumul- 
ator used in motor vehicles and as "A" 
batteries in the earliest battery radio sets. 

In the lead-acid accumulator, two sets 
of lead plates are immersed in a mixture 
of sulphuric acid and water. The plates 
are connected to an external E.M.F. in 
such a way that a current of up to 
several amperes flows through the acid 
via the plates. 

The flow of current causes the acid- 
mixture to be decomposed, re- 
inz atoms of hydrogen and oxygen 
at the respective plates. The hydrogen 
mostly escapes, but the oxygen liberated 
at the positive plate combines with the 
plate to form the dark brown peroxide 
of lead. 

When the charging has proceeded for 


an adequate length of time, the battery 
may be removed from the charging cir- 
cuit. 

If a conductor is then connected be- 
tween the two plates, a current is found 
to flow, and, as it does so, a chemical 
change becomes evident in both plates. 
The positive plate, coated with lead 
peroxide begins to take a coating of 
greyish lead sulphate, and much the 
same thing happens to the lead negative 
plate. 

The "sulphate" molecule comes from 


Figure 8. Basic construction of the 

lead-acid accumulator, showing alter- 

nate placing of the positive and 
negative lead plates. 


the acid, which is therefore progressively 
weakened as the discharge continues, 

When next the cell is charged, the 
lead sulphate on the negative plate is 
reduced to pure spongy lead, and the 
Coatin: on the positive plate reverts to 
the dark coloured lead peroxide. At 
the same time, the strength of the acid 
is built up again, so that the cell is 
ready once more for a period of dis- 
charge. 

This charge and discharge cycle can 
be repeated hundreds of times until, 
after a period of perhaps severa] years, 
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the active electrodes begin to disin- 
tegrate. 

The chemistry and construction of a 
lead-acid accumulator are rather raore 
complicated than the foregoing simpli- 
fied statements may have implied. To 
ensure that the plates are utilised most 
efficiently, they are usually ribbed to pre- 
sent the greatest possible surface area 
to the electrolyte. 


During manufacture, a special re- 
verse charging procedure may be used 
to transform the surface of the nega- 
tive plate into a spongy lead mass. 
Alternatively, the crevices in the plate 
may be filled with red-lead paste, which 
is readily reduced during charge to a 
spongy mass of pure metal. 


SEVERAL PLATES 


To increase the current handling cap- 
acity of each cell, it is usual to use a 
mumber of interconnected negative and 
positive plates in a grid formation. (See 
figure 8.) 

To allow them to be packed close to- 
gether, yet without danger of shorting, 
they are usually separated by thin lavers 
of wood or other selected insulating 
material. 

The whole assembly has to be sus- 
pended clear of the bottom of the case, 
so that conductive particles which may 
become detached from the plates will 
not collect on the bottom and ultimately 
cause a short-circuit and a discharge 
path within the accumulator itself. 

The E.M.F. of a lead-acid secondary 
cell is normally reckoned at 2.0 volts, 
irrespective of its size. The actual cur- 
rent handling capacity is governed large- 
ly by the number, the size, the spacing 
and the nature of the plates. 

For voltages greater than 2.0, it is 
usual to mount several cells, side by 
side, in the one large subdivided con- 
tainer. The cells are sealed across the 
top to prevent spilling of the acid and 
then connected permanently in a series 
arrangement, as already described for 
dry cells, 

For radio work, accumulators deliver- 
ing 2, 4 or 6 volts are usual, and either 
6 or 12 volts for motor vehicles. These 
voltages require the use of 1, 2, 3, or 
6 cells respectively. 

Because the strength of the acid is 
affected by the chemical condition of 
the plates, it may be taken as a good 
guide as to whether the cell is fully 
charged or otherwise. 


SPECIFIC GRAVITY 


In new cells for car or radio use, 
it is usually arranged that the SPECI- 
FIC GRAVITY of the acid be about 
1.25, when fully charged (often quoted 
as 1250) 1.18 when half-charged and 
1.11 when discharged. 

(Specific gravity has effectively the 
same meaning as "density compared with 
that of water, which is taken as 1 

Where cells are intended for indus- 
trial or home lighting purposes, acid of 
somewhat lower specific gravity is often 
specified in the interests of long service 
life. 
To measure the specific gravity, a 
device known as a HYDROMETER is 
used. This is rather like an oversize 
syringe with a small glass float in the 
barrel. 

The acid is drawn up into the barrel 
and specific gravity is indicated by the 
depth to which the float submerges in 
the acid. The upper section of the float 
is usually calibrated directly in terms of 
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specific gravity, with “Full” and “Dis- 
charged” zones indicated for general 
guidance, 

The EMF of a fully charged cell is 
often as high as 2.2 volts to begin with 
but rapidly drops on load to almost 
exactly 2.0 volts. There it remains for a 
long period, falling to 1.8 volts at very 
low charge. 

Generally speaking an acccumulator 
should not be used when the voltage per 
cell is.less than 1.8, or when the specific 
gravity is less than about 1110 (1.11, 
strictly), Failure to observe this require- 
ment may result in permanent damage 
to the plates. 

The current capacity of an accumu- 
lator is summed up in its AMPERE- 
HOUR rating, which gives a rough idea 
of the number of hours it will continue 


Figure 9. The 
hydrometer, as 
used for testing 
the condition of 
lead-acid cells. 


to deliver a specified amount of current 
after a full charge. 

The rate at which an accumulator is 
discharged does not appear to be im- 
portant as far as the life of the battery 
is concerned. It has even been claimed 
that an accumulator can be short-cir- 
cuited without damage to the plates or 
the active materials. 

The same is not true of charging, 
though this is frequently the subject of 
debate. In general, however, the char- 
ging rate should never be such that it 
causes excessive temperature rise or 
gassing. High temperatures may distort 
the plates and cause loss of active 
material, while excessive gassing also 
tends to dislodge active material. 

The maximum safe charging rate is not 
constant over the charging cycle. When 
a battery is in a discharged condition 
it can safely be charged at a high rate. 
since most of the charging energy is 
employed in producing chemical change 
and very little is wasted in generating 
heat or gas. As the charge progresses 
there is an increasing tendency to gener- 
ate heat and gas, and the charge rate 
should be decreased, or “tapered,” to 
keep these within safe limits. 

In a modern motor car the charging 
system is designed to behave in exactly 
this manner, If the battery is well dis- 
charged the system will charge it, 
ally, at a very high rate, upto 50 amps 
in a six-volt system. As the charge 
progresses, the rate decreases until, at 
full charge, it may be no more than 1 
amp. Fast chargers used in service 


Figure 10. A typical three cell, six 
volt, lead-acid accumulator. 


stations are—or should be—designed to 
observe the same precautions. 


When not in actual use an accumu- 
lator will gradually discharge through 
its own internal losses, the effect in- 
creasing as the battery ages. To oflset 
this and prevent sulphation of the plates, 
an idle battery should be given a small 
charge every couple of weeks and its 
condition checked periodically with a 
hydrometer. 

When the electrolyte evaporates suffi- 
ciently to uncover the tops of the plates, 
it should be brought back to normal 
level by the addition of pure distilled 
water. 

As well as the lead-acid accumulator, 
there are a number of other secondary 
cells used for special applications. One 


of these is the Nickel-Iron (Ni-Fe) cell, 
sometimes called the Edison cell, after 
Thomas Edison, who is credited with 
its invention, 

The cell is a complex structure, the 
positive electrodes being rows of per- 
forated nickled-steel tubes filled with 
alternate layers of nickel hydroxide and 
thin flakes of pure nickel. The negative 
electrode is a grid made from nickeled 
sheet steel containing pockets filled with 
iron oxide. The electrolyte is a 21 per 
cent solution of potassium hydroxide in 
distilled water, plus a small percentage 
of lithium hydrate. 

The voltage of this cell is 1.37 when 
fully charged, dropping to 1 volt when 
discharged. A greater number of cells 
are therefore required for a given bat- 
tery voltage. The specific gravity of the 
cell does not vary appreciably from 
charge to discharged conditions, and the 
voltage is usually taken as a guide to 
the condition of charge. 

This cell is a good deal more costly 
than the lead-acid type, but offers a num- 
ber of advantages in certain applications, 
particularly for electric traction vehicles 
and similar heavy-duty service. ]t is a 
very robust cell, not easily damaged by 
other than optimum charging conditions 


—even including accidental reverse 
charge — which would quickly ruin a 
lead-acid cell. Its working life may be 


20 years or longer, 

A more recently dcveloped secondary 
cell is the nickel cadmium type. Al- 
though initially dearer than the lead- 
acid cell, it has many advantages which 
make it attractive for modern, compact, 
electronic equipment. 

Among its advantages are a very fav- 
ourable power to weight ratio, a chemi- 
cal cycle which permits complete sealing 
of the cell—thus minimising damage to 
associated equipment due to corrosive 
fumes — and a better tolerance to 
"neglect" than the lead-acid type. As a 
result, it is finding increasing use in 
portable equipment, such as electronic 
photo-flash units, hand held transceiv- 
ers, portable transistor radios, etc. 

Anothr application is in self-contain- 
ed electric appliances, Electric shavers 
and electric drills are two examples of 
this, in which these cells make possible 
a compact, convenient device which can 
be used anywhere, independently of 
power lines, or where the use of high- 
voltage equipment may be dangerous. 
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CHAPTER J: magnetic 


fields. Coils with air 


and iron cores. Inductance and mutual induction. 


Direct and alternating current. The alternator. The 
Sine wave and its properties. Inductive reactance 
and phase angle. Practical inductors. 


T some time or other, most of us 

have toyed with a horse-shoe magnet 
and noted the mysterious attraction it 
has for iron and steel. 

We know how a magnetised steel 
needle will align itself with the earth’s 
magnetic field — a phenomenon which 
is the basis of the magnetic compass. 
The following discussion involves this 
same rather myterious force. 

If a pocket compass is held close 
to a wire carrying heavy direct current, 
the pointer is found to be deflected from 
{ts normal due-north setting. Very 


Figure 1. 

field encircles a coil carrying current. 

In the circle is the schematic symbol 
for a coil (inductor), 


Showing how a magnetic 


obviously, the wire must be surrounded 
by a magnetic field which interacts 
with that of the earth and thus affects 
the compass needle. 

The exact nature of the magnetic field 
is a matter of much debate, but it is 
convenient to think of it as so many 
lines of force. The stronger the cur- 
rent, the stronger the magnetic field 
and the more numerous the lines of 
force. 

Alternatively, we may say that the 
magnetic FLUX DENSITY is greater. 
The direction in which the force 
operates is defined by indentifying its 
poles in terms of north and south, 
based on their reaction to the earth’s 
magnetic field. 

In actual fact, the magnetic field 
surrounding a single conductor is not 
very great, but it becomes much more 
evident if the wire is wound up into the 
form of a coil. The magnetic field 
assumes the shape indicated in figure 
l, the lines of force all passing through 
the centre and completing their circuit 
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via the much greater space outside the 
coil. 

It is obvious enough that the mag- 
netic concentration must be much 
greater within the coil than in any 
other region. 

lt is actually possible to state the 
direction of the lines of force surround- 
ing a conductor or a coil, but there 
seems little point in the beginner com- 
mitting this to memory just here. But 
note the schematic symbo] for a coil, 
shown within the circle in figure 1. 

Because of its magnetic properties, 
the inclusion of a CORE of iron within 
the coil can greatly increase the mag- 
netic flux density for a given current 
through the coil. 

To be a little more technical, we may 
say that the iron core has greater 
PERMEABILITY to the magnetic flux 


than air; the term “permeability” may 
goa aie erae WN anita t | 
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Figure 2. 


The inductance and mag- 
netic properties of a coil are vitally 
affected by placing a soft iron core 


in and around the coil. Note the 


modified symbol. 


be roughly defined as the flux multi- 
plying property of a substance. 

According to particular requirements 
the iron core may be a simple iron 
rod. a bunde of iron wires, or a stack 
-of iron strips. It may be of either 
round or rectangular cross-section, the 
latter being the most common in prac- 
tice. 

If the iron core is straight, as actually 
shown in figure 2, it assumes the char- 
acteristics of a bar magnet in the pre- 
sence of a steady current through 
the coil. 

In other words, it has a north and 


south pole, will attract iron objects and 
will align itself with the earth's mag- 
netic field if there is no mechanical 
hinderance. (Note should be taken of the 
Schematic symbols for air and iron- 
cored coils; in the latter case the core 
is shown either within or alongside the 
coil symbol, according to the whim of the. 
circuit draughtsman.) 

With a soft iron core, the magnetic 
effect is entirely dependent on the 
strength and the direction of the cur- 
rent through the coil. If the direction 
of the current is reversed, then the 
magnetic poles are interchanged. If 
the current is interrupted altogether, no- 
thing but a slight residual magnetic 
effect remains. 

Magnetic effects in a core due to 
current through the associated coil are 
very widely utilised in a variety 
of radio apparatus, as we shall see in 
later chapters. 

However, it is interesting to note that 
steel and certain alloys will retain their 
magnetic property even after the ener- 
gising current is switched off. In other 
words, they become permanent magnets. 

Where the iron core is continued 
around the side of the coil (shown dot- 
ted in figure 2), the lines of force tend, 
for the most part, to follow the easier 
path through the iron, and the magnetic 
flux in the free air surrounding the 
coil is correspondingly reduced. 

If a small gap is left in the IRON 
CIRCUIT, a very great magnetic con- 
centration is evident across it, and this 
fact is also utilised in numerous electro- 
mechanical devices. 

The important points to grasp in all 
this are (1) That a magnetic field is 
evident round a conductor carrying an 
electric current, and (2) That thi ag- 
netic field can be controlled to’ serve 
particular purposes. 

That can be regarded as step number 
one in our thinking. Now to go on: 

Assume that we have a battery and 
a switch so arranged that we can direct 


Ie, 


Figure 3. Schematic diagram show- 
ing how a current can be directed 
through an inductor. 


an electric current at will through a 
coil Refer to figure 3 which, by the 
way, is the first wholly schematic draw- 
ing we have used. 

When the switch is closed, the cur- 
rent builds up at a ited rate to an 
ultimate value determined largely by 
the potential of the battery and the 
resistance of the coil. With a very large 
iron-cored coil. he building up of the 
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current is slow enough to be seen on an 
ordinary milliamp meter. 

The effect cannot be duplicated with 
a purely resistive circuit, where the cur- 
rent always comes immediately to its 
ultimate value. 

Very obviously, the coil must offer 
some initial and temporary opposition 
to the flow of current by a property 
quite distinct from the resistance of 
the wire. 

To cut a rather long story short, the 
opposition is produced in the process of 
building up the magnetic field around 
the coil. 

The very action of building up the 
field produces in every turn of the coil 
what is known as a counter EMF—an 
induced voltage, which is in opposition 
to that from the battery. This counter 
EMF is evident only while the mag- 
netic effect is in the process of build- 
ing up, but it exercises a definite re- 
tarding effect on the action. 

Once the current has reached its ulti- 
mate value—as determined by the bat- 
tery voltage and the resistance of the 
coil—the magnetic field remains station- 
ary and constant while ever the switch 
remains closed. 

When the switch is opened, one might 
expect the EMF to disappear from across 
the terminals of the coil, but, for sheer 
stubborness, the magnetic field must rival 
the classic mule. 

The opening of the switch is the sig- 
nal for the magnetic field to begin col- 
lapsing, which is to be expected, but in 
the very process of doing so an EMF 
is generated in the coil The EMF is 
of such a. polarity that it would tend 
to maintain the current initiated by the 
battery, were the circuit still complete. 

The induced EMF across the terminals 
of the coil may even cause a spark as 
the switch contacts begin to separate. 
This magnetic effect is just as much 
a property of the coil as its resistance. 
It is defined as INDUCTANCE, and is 
measured in units known as HENRIES. 


A coil is said to have an induc- 
tance of one Henry if ome volt is 
induced across its terminals when 
the current through the coil is 
changing at the rate of one ampere 
per second. 

Smaller units of inductance are the 
MILLIHENRY (equal to one-thousandth 
art of a Henry) and the MICRO- 
IENRY (equal to one-millionth part of 
a Henry). 


INDUCTOR & INDUCTANCE 


In the form of a general statement, it 
may be said that a circuit or coil possess- 
ing inductance—often referred to as an 
INDUCTOR — tends to oppose any 
change in the amount of direct current 
flowing through it. 

If there is zero initial current, then 
the coil offers temporary opposition to 
the building up of a current in either 
direction. If there is an initial steady 
current, then the coil opposes any ten- 
dency for it to increase or diminsh. 

Read those last two statements again. 
They are very important. 

An interesting phenomenon can be de- 
monstrated by mounting two coils in 
close proximity, so that the magnetic 
flux from one coil can intersect the 
turns of the other. 

Assume, as in figure 4. that one coil 
cap be connected through a switch to 
a battery and that a sensitive indicating 
meter is connected across the terminals 
of the other coil. 

On closing the switch, 


the meter 
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pointer will be found to move slightly 
—say to the right—and then ieturn to 
its normal position. If the switch is now 
opened, the pointer will show a slight 
movement to the left, demonstrating that, 
somehow or other, an EMF has been 
induced in the second soil. 

The explanation is found in a general 
law that an EMF is always induced in 
a conductor. which is cut by moving 
lines of force, or, yet again, in a con- 
ductor which itself moves through a sta- 
tionary magnetic field. 

In the illustration. of figure 4, the 
closing of bx causes a magnetic 
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Figure 4. Chonginy currents through 

the lower coil produce corresponding 

EMF's in the upper coil by mutual 

induction. Back EMF's will also be 

produced in the lower coil itself, due 
to its self inductance. 


field to build up a'ound the lower coil, 
and, for a brief interval, lines of force 
are evident moving outwards from the 
coil, These moving lines cut through 
the turns of the upper coil and induce 
in it a voltage, which is made evident 
by the meter "M. 

Once the magnetic field has become 
stationary, no further voltage is induced 
until such time that the circuit is broken 
and the field begins to collapse. The 
reverse movement of the lines of force 


Figure 5. In its 
simplest form, 
the AC generator 
or “alternator” is 
a loop of re- 
volving between 
the poles of a 
permanent mag- 
net. The ends of 
the loop are con- 
nected to the 
“slip-rings.” 


then causes an induced EMF of oppo- 
site polarity. 

A similar effect could be produced 
by passing a powerful bar magnet rap- 
idly through the centre of a coil, or by 
sliding the coil to and fro over a sta- 
tionary magnet. 

While ever the magnet and coil were 
in close proximity and there was move- 
ment of the coil relative to the mag- 
netic poles, small voltages would be 
evident between the terminals of the coil. 

An interesting condition arises if the 
switch "S" in figure 4 is opened and 
closed rapidly for a sustained period of 
time. Under these conditions, the mag- 
netic field around the two coils would 
be, maintained in continual movement, 
building up one instant, collapsing the 
next. 

The result would be a current through 
the upper coil, which is continually 
changing its polarity. At one instant, 
electrons would be moving from right 
to left; next instant from left to right, 
and so on. 

Let us assume, for argument's sake, 


that the two coils are quite large and 
intimately couplied together, and that 


heavy currents are caused to flow 
through them; further, that the meter 
M is replaced by a small torch globe. 

Each time the switch is opened or 
closed, we can expect the induced cur- 
rent to cause a momentary glow in the 
lamp, so that it flickers off and on at 
a rapid rate. 

Carrying our assumption a little fur- 
ther, let us step up the rate of opening 
and closing the switch to such an extent 
that the individua] surges of current 
through the lamp can no longer be dis- 
cerned, and it appears to glow steadily. 

We then have a state of affairs where 
useful work is being done, not by a 
steady direct current from a battery, but 
by an ever-changing current produced 
by the relative movement of a conduc- 
tor and a magnetic field. 


ALTERNATING CURRENT 


The electron movement which pro- 
duces the heat phenomena is no longer 
a steady flow of electrons through a 
conductor, but an oscillatory or to-and- 
from motion. 

In this simple way, then, we have 
been introduced to ALTERNATING 
CURRENT, which is of tremendous 
importance in the field of radio and 
electricity. 

Before pursuing the subject further, 
it is as well to be quite sure of the 
difference between DIRECT and 
ALTERNATING current. 

In the first case, electron movement 
is always in the one direction. It may 
be large or small, or subject to con- 
tinuous variation ‘but, so long as it 
remains uni-directional, it is referred to 
as a direct current, or DC. 

An alternating current is one in 
which the actual direction of electron 
movement is changing continually or 
in periodic fashion, 


The amplitude of the electron move- 
ment may, of course, be large or small 
at-any particular instant, depending on 
the circumstances which initiate it. 

An alternating current cannot be pro- 


duced directly by — electro-chemical 
action, as in a battery, but is always 
generated by relative movement of a 
Conductor and a magnetic field. 

An elementary type of AC generator 
(note the abbreviation) is illustrated in 
figure 5. 

Imagine that a loop or wire is mount- 
ed so that it can rotate between the 
poles of a permanent magnet; further, 
that the two ends are brought out to 
mutually insulated copper bobbins, 
which make rubbing contact with a pair 
of metal or carbon rods known as 
BRUSHES, 

The magnetic field surrounding the 
loop of wire will bs evident as lines of 
force joining opposite points on the faces 
of the two magnet poles. 

When the loop commences to rotate. 
the movement relative to the lines of 
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force will immediately initiate a flow of 
current through the wire. L 

Thus, as the left-hand side of the 
loop (as illustrated) moves upwards with 
respect to the South pole of the magnet, 
there will be a movement of electrons 
along the wire. 

At the same instant, the other wire 
is moving downwards with respect to 
the North pole, so that the electron 
movement in this half is in the same 
general direction around the loop. As 
a result, an electron pressure—an EMF 
—becomes evident between the ends of 
the loop and is thence transferred to 
the two brushes. 

At the instant when the plane of the 
loop is exactly parallel with the lines 
of force — that is, in the horizontal 
position — the loop cuts through the 
flux at the highest rate, so that the 
generated voltage reaches a peak value. 

As the loop continues to rotate, the 
relative movement becomes less, so 
that the generated voltage is also 
reduced. 

At the instant when the loop is in an 
exactly vertical plane, the wire is mov- 
ing parallel to the lines of force and 
no voltage whatever is generated. Be- 
yond this point, the lcop again ap- 
proaches the horizontal position, so that 
the voltaze or EMF rises once more. 


REVERSED POLARITY 


However, the electron movement 
through the loop is now found to be 
in the reverse direction; or we may 
choose to say that electrons are ac- 
cumulated at the alternate brush. 
Whichever way we look at it, the simple 
result is that the voltage between the 
brushes is reversed in polarity. 

Following the movement further, the 
current reaches a peak in this direction, 
then falls away to zero, immediately 
building up again with the original 
polarity, This process goes on just as 
lonz as the loop continues to rotate. 

The matter can be made clearer with 
the aid of a simple graph. 

Assume that we can observe the in- 
stantaneous value of voltage or current 
generated over a brief period of time, 
and that values of voltage (or current) 
are plotted against corresponding time 
intervals. On joining the plotted points 
we would have a curve similar to that 
shown in figure 6. 

Assuming a zero reference line, the 
voltage would rise smoothly to a peak 
value, then diminish and pass through 
zero to am equal peak negative value; 
then back to zero again and so om, "ad 
infinitum." The plane of the loop, relating 
back to figure 5, is suggested by the 
small rectangles beneath the curve. 

A practical AC generator (alternator) 
is actually a far more elaborate device 
than figure 5 might lead one to believe, 
but-the operating principles are the same. 

In every country of the world, great 
AC generators are ceaselessly producing 
current for factories, homes, street lights 
and a dozen other purposes. Rotating 
machines of rather different type are 
employed to generate direct current for 
similar purposes, but AC has proved 
easier to handle and distribute on a large 
Scale; just why does not concern us here. 
rect current finds its greatest appli- 
cation these days for trains, trams and 
other forms of electric traction, and a 
DC installation on a small scale is found 
in every automobile and aeroplane—in 
fact, anywhere a battery and generator 
are in direct association. 

Jt is just as well at this stage, to 


16 


memorise certaim common terms which 
have to do with alternating current. 

A wave pattern such as is shown in 
fgure 6 is referred to as a SINE 
WAVE, because it has a definite relation- 
ship to the sine of an angle—something 
familiar to all who have studied trigo- 
nometry. 

We will not interrupt your train of 
thought by enlarging on the matter, but 
remember that a SINE WAVE repre- 
sents alternating current or voltage in its 
purest form. If irregular peaks, dips or 


Figure 6. Ilustra- D 
ting a single 
wave and 
€ h a racteri 
The small 
grams below 
curve . represent 


peak value; in other words, it is a little 
under three-quarters of the peak value of 
the wave. 

Unless otherwise stated, figures of AC 
voltage or current are always assumed 
to refer to the RMS value. Therefore, 
the application of an alternating poten- 
tial of 6.0 volts RMS to the filament of 
a lamp will cause it to glow with exactly 
the same brilliance as 6.0 volts DC, as 
from an electric battery or DC generator. 

To express the magnitude of an alter- 
nating voltage or current, we use the 


the position of 
the loop in 
at various times 
during the cycle. 


bumps appear in a 
wave pattern, it is 
no longer a pure 
sine wave. 

The maximum 
value attained by 
the voltage or cur- 
rent in either direc- 
tion js known as 
PEAK value. However, this peak valuc 
is a purely instantaneous one and, at all 
other times, the current or voltage is of 
lesser magnitude. 

The peak value, therefore, can scarcely 
be regarded as a fair indication of the 
ability of the current to produce secon- 
dary effects, such as lighting the filament 
of a lamp or raising to red heat the 
clement of a household radiator. 

The ability of an alternating current 
to do useful work, in this sense of the 
term, is expressed by what is known as 
the RMS value of the current (or 
voltage). 

This RMS (or root-mean-square) value 
has a definite mathematical basis and, for 
a sine wave, it is equal to .707 times the 


Voltage or Current 


iron-dust core “slugs wi 
justed in position by means of the 
brass screws seen protruding from 
the top and bottom of the coil former. 


Time 


same quantities as for DC: Amps, milli- 
amps, microamps; volts, millivolts, micro- 
volts. . 

It is necessary to bear in mind, how- 
ever, that the stated RMS quantity sum- 
marises the heating or energy value of 
the alternating wave over a period of 
time. The value of the current or volt- 
age at any particular instant may be 
Prea'er or less than this, depending on 
which particular portion of the wave 
train we happen to pick. 

Referring again to figure 6, the space 
between points A and C is known as 
one complete CYCLE. From point D 
to E is also one cycle, since they are 
exactly equivalent points on the curve 
and represent one complete rotation of 
the simple alternator. 


PARTS OF A CYCLE 


By the same reasoning, from A to B, 
and from B to C is exactly one half 
cycle, representing half the time interval 
of a complete cycle and a half rotation 
of the alternator loop. From A to D 
and from D to B are each one quarter- 
cycle. 

Of vital importance is the FRE- 
QUENCY of an alternating current or 
voltage, which is the number of com- 
plete cycles occurring in one second of 
time. 

In the simple alternator of figure 5, 
the frequency is obviously dependent on 
the speed with which the loop is rotated, 
or the number of revolutions per second. 

The frequency of the alternating cur- 
rent power mains is not standardised 
throughout the world but it is usually 
either 40, 50 or 60 cycles per second, 
depending on the particular country or 
area in question. 

In most cases, the adopted frequency 
is maintained very accurately by the 
electricity supply authorities, who main- 
tain a constant check against observatory 
time signals. The widely used synchro- 
nous clocks depend for their accuracy 
on the frequency of the power mains. 

The vista of frequency is almost 
unlimited, as we shall see later in our 
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discussions of sound waves and radio 
broadcasting. So while you are busy 
forming a mental picture of an alternat- 
ing wave, leave room for an enormous 
range of frequencies and for the peculiar 
ways the higher frequency voltages are 
liable to behave. 

The final step in this chapter is to 
correlate the eai discussion on induc- 
tance and our more recent discovery of 
alternating currents. 

Remember that & coil of wire exhibits 
an initial and temporary opposition to 
the passage of an electric current but, 
once this current is maintained for a 
brief period of time, the coil offers just 
the same opposition to any tendency for 
the current to increase or decrease. 
The property is referred to as the in- 
ductance of the coil. 

It is, therefore, not difficult to imag- 
ime just how an inductance reacts to 
the passage of an alternating current, 
which is continuously changing in value 
and direction. 

Obviously, the coil is going to offer 
a continuous opposition, quite distinct 
from that due to the DC resistance of 
the wire. 

Furthermore, since the opposition in- 
volves the building up and collapsing 
of a magnetic field, it is fairly obvious 
that the opposition will increase in pro- 
portion to the speed with which the 
current tries to build and collapse 
the field; that is, with rising frequency. 


et bottom right indicates comparative size. 


Inductance plays a vital role in all 
madio circuits. The simplest cases are 
coils having from half a dozen to 
hundred turns of wire wound in a single 
layer on a plastic, cardboard or wooden 
spool. 

In other coils, the turns are wound 
one over the other in a compact "pie." 


cluded within the spool or former to 
increase the efficiency of the coil. 
More elaborate forms of inductahce 
are the iron-cored FILTER. CHOKES 
and TRANSFORMERS, which are es- 
sentially an elaboration of figure 2. The 
part all these components play in à 
radio circuit will become apparent as 


COIL REACTANCE 


The opposition offered by a coil (is 
by an inductance) to the passage of cur- 
rent is referred to as its REACTANCE. 
Like resistance, it is measured in ohms, 
but, as we have seen, its value for a 


Sometimes a powdered iron core is in- these studies progress. 


given coil i directly related to the fre- GROMER. 

quency of the current or voltage con- 

ES E The Transfoma Rope! 
Thus, a given coil may have a re- Cae 


actance of 1000 ohms at one frequency 
and 2000 ohms at twice that frequency. 
In this respect, it differs from pure DC 
resistance which is a fixed and definite 
quantity for DC or for AC of any fre- 
quency. 

Inductive reactance differs from pure 
resistance in another vital aspect in the 
opposition it offers to the flow of an 
electric current. 

When a voltage is applied across a 
resistance, the flow of current com- 
mences instantaneously and ceases im- 
mediately the voltage is removed. 

Thus, when the voltage applied is al- 
ternating, the current reaches its peak 
value at the same instant as the volt- 
age peak, and goes through the same 
variation in value. 

In the case of an inductance, the 
current builds up more gradually, tak- 
ing a definite time to reach a peak 
value. 

Thus, when the applied voltage is al 
ternating, the current does not reach its 
peak value until a measurable time after 
the voltage peak. It goes through the 
same cycle of alterations, but the peak 
and minimum values are attained some- 
what later than the corresponding volt- 
age variations. 

The current is said to be OUT-OF- 
PHASE with the voltage, LAGGING 
behind it by a definite amount. Alter- 
natively, it may be said that the vo.t- 
age LEADS the current. 

With a purely inductive circuit, the 
difference in phase amounts to a com- 
plete quarter-cycle. 


SUPPLIERS OF A COMPLETE RANGE OF 


* AUDIO 

e POWER 

* STEP-DOWN 
* TRANSISTOR 


TRANSFORMERS 


for your every need! FOR FULL DETAILS 
We at A & R. are proud of ou, OF THE COMPLETE 

SH we tke your ave badour A & R RANGE SEE THE 
ws tat to keep semg 1966 A & R STOCK 
Tasten our product od © TRANSFORMER 
VO sr noe ares CATALOGUE — 
eae rete terre | CONTACT YOR 

Correct elementary mte we LOCAL STOCKIST for your 
copy— it's free for the 
asking! 


| 
A&R TRANSFORMERS rr. in. 


46 Lexton Road, Box Hill, Vit. Phone 89 0238 


designed to do . . . and 
better for longer! 


BASIC RADIO COURSE aa 


CHAPTER 4: Capacitance effects and Capacitors. 


Displacement current, storage of energy. Capacitance defined. 
Mica capacitors. Paper and plastic tubular capacitors. 
Ceramic dielectric capacitors. Electrolytic capacitors. Variable 
capacitors and and trimmers. Padder capacitors. 


O understand just what capacitance 

is it is necessary to recall certain 
earlier discussion of conductors and 
insulators. 

It^was pointed out that an atom 
consists of a positive nucleus, around 
which revolve one or more planetary 
electrons. 

The outer planetary electrons are not 
always intimately bound to the nucleus 
and, in so-called conductors, an exter- 
nally applied E.M.F. can cause a definite 
drift of electrons from one atom to the 
next along the length of the material. 

The electron movement is always to- 
ward the positive pole of the applied 
E.M.F., in accordance with the general 
law that unlike charges attract, like 
charges repel. 

In a vacuum where there are no atoms 
present, this migration of electrons ob- 
viously cannot occur, while in materials 
known as insulators it is. difficult to 
initiate because the electrons are 
strongly bound to their parent atoms. 
However, the application of an E.M.F. 
to a vacuum or an insulator does pro- 
duce an interesting effect, 

Consider figure 1, where two plates 
of a metal conductor are placed near 
and parallel to one another and con- 
nected to the opposite terminals of a 
battery. 

Because of the chemical reaction with- 
in it, the battery tends to remove elec- 
trons from atoms of Plate A and trans- 
fer them to plate B, making plate A 
positively charged with respect to B. A 
current thus tends to flow, despite the 
gap in the circuit, 

As a consequence of this current, 
however, a state of tension is produced 
in the gap between the plates which tends 
to resist the electron flow. This state 
of tension is called an ELECTRIC 
FIELD, and it eventually sets up a 
voltage across the gap which opposes 
the E.M.F. of the battery and causes 
the current to cease. 

In other words, even though the gap 
between the plates does not conduct a 
current, it permits a current to flow 
for a brief period in the rest of the 
circuit, and also produces a voltage across 
the gap. 

This effect is known as CAPACI- 
TANCE, and a component which ex- 
ploits the capacitive effect is known as 
a CAPACITOR. The word CONDEN- 
SER is an older term for such devices. 

The initial current which flows in the 
connecting wires when E.M.F. is con- 
nected to a capacitor is known as a 
DISPLACEMENT current, to distinguish 
it from normal conduction current. Its 
size depends on the capacitance of the 
capacitor which, in turn, depends upon 
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the dimensions of the plates, the spac- 
ing between them and any insulating ma- 
teria] (DIELECTRIC) which may be in- 
troduced between them—but more about 
this later on. 

Practical capacitors have plates made 
from metal sheet, foil or coating, while 
between them may be a vacuum or a 
dielectric material such as air, waxed 
paper, mica, plastic, ceramic or a metal- 
lic oxide, 

If a capacitor is connected to an 
E.M.F., as we have seen, a displace- 
ment current flows for a brief interval 
of time and an electric field is set up 
in the space between the plates or elec- 
trodes, 

If the capacitor is now disconnected 
from the battery the electric field re- 
mains. Referring to figure 1 again, plate 


Figure 1: Showing a basic 
capacitor connected to a 
battery. The battery sets 
up a potential difference 
between the plates, which 
results in the formation of 
an electric field in the space 
between. 


(b). Pii a) (e) 
(d) 


Figure 2: Many capacitors have the 

plates arranged sandwich-fashion, 

shown. They may be separated 

air, or by a solid insulating material 
as the dielectric. 


Typical mica capacitors, in which 
thin metal plates, often of shim brass, 
are separated by mica sheet, and 
moulded inside a bakelite casing. 


A remains positively charged with re- 
spect to plate B. having less electrons 
than normal, while B has more than 
normal. As far as the gap is concerned, 
nothing has altered with the removal of 
the battery, so that the gap maintains a 
voltage difference equal to the battery 
voltage. 

A capacitor in this condition is said 
to be CHARGED, There is a voltage 
across it and an electric field between 
the electrodes. 

However, if the two charged capaci- 
tor plates are joined by a conductive 
path by touching their wires together, 
the excess electrons on plate B will 
move along the conductor to plate A 
and correct the state of unbalance. 

The electric field across the gap will 
collapse and the voltage wil] disappear. 
The capacitor is then said to have been 
DISCHARGED by this second flow of 
displacement cun ent. 

Obviously, then, a capacitor has the 
ability to store electrical energy, as it 
will retain a voltage across its terminals 


A 


Metal Plates 


and can supply a current if connected 
to a conducting circuit. 

If a capacitor is connected across 
a source of fixed voltage, the displace- 
ment current flows for only a brief 
interval of time and then ceases. How- 
ever, if the applied voltage is continu- 
ously varied at a given rate over 
a definite interval of time, the dis- 
placement current through the circuit 
is found to vary in sympathy with it. 

This must obviously be so, for a 
gradual increase or decrease in the 
applied voltage will cause an increase 
or decrease in the electron displace- 
ment, and therefore result in a con- 
tinuing flow of displacement current. 

On this statement is based the means 
adopted to define the capacitance of any 
given condenser—or capacitor. 

When a change of one volt per second 
across a capacitor produces a displace- 
ment current of one ampere, it is said 
to have a capacitance of one FARAD. 

Just as resistance is measured in ohms, 
and inductance is measured in henries, 
so is capacitance measured in farads. 

In actual practice the farad is too 
large a unit for ordinary radio and elec- 
trical work, and the unit most commonly 
used is the MICROFARAD, which is 
one-millionth of a farad. 

Typical capacitors employed in radio 
receivers range from something like 200 
microfarads down to .00005 microfarads, 
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although still larger and smaller units 
are not uncommon. 

To save unwieldy decimals, small 
capacitance values are sometimes written 
in millionths of a microfarad, namely 
in MICROMICROFARADS. Thus, .0001 
microfarad becomes 100 micromicro- 
farads. The value .00002 microfarad is 
written as 20 micromicrofarads. 

To simplify expression, various abbre- 
viations for the word microfarad are 
commonly employed. 

One is the purely Anglicised abbrevia- 
tion “mfd.” 

Another follows technical practice in 
using the Greek letter mu(4) to mean 
one-millionth, this being coupled to a 
capital F for Farad, giving the term AF. 

Typesetting difficulties may cause the 
English letter u to substitute for the 
Greek 4, giving the symbol “uF.” 

Actually there should be little diffi- 
culty, knowing this, in recognising any of 
the ordinary abbreviations. 

By the same token, micromicrofarad is 
frequently abbreviated to “mmfd” or 
uuF, 


During the war and since, the term 
micromicrofarad has been replaced in 


f: 


Paper 


Foil 
Figure 3: In paper tubular capacitors, 
two lengths of metal foil, constituting 


the electrodes, rated by lay- 

ers of paper as the dielectric. The 

whole is tightly rolled and protected 
by an outer casing. 


most quarters by “picofarad,” which is 
abbreviated to “pF.” 

Thus mmfd, uuF or pF all signify the 
same unit of capacitance—one-millionth 
of a microfarad. 

The capacitance of a condenser—or 
capacitor—depends on several factors, 
as we suggested before. 

First is the total area by which the 
plates or elements actually overlap; capa- 
citance increases directly with area. 

Secondly, capacitance varies inversely 
as the distance between the plates; the 
smaller the separation the greater is the 
capacitance, 

The material occupying the space be- 
tween the plates also has a marked effect 
On capacitance. A vacuum is the refer- 
ence standard, but the insertion of air, 
mica, p'astic, ceramic, glass, waxed paper 
etc., increases the capacitance sub- 
stantially, 

The ability of an insulator to multiply 
the capacitive effect between capacitor 
plates of given area and spacing is ex- 
pressed by its DIELECTRIC CON 
STANT. Thus, if the space between 
two electrodes is occupied by an insula- 
tor having a dielectric constant of 5, the 
capacitance between the electrodes 
would be five times as great as if the 
intervening space was occupied only by 
a vacuum. 

We have assumed, thus far, that only 
two plates are involved, whereas any 
number of plates may be arranged 
sandwich fashion, as illustrated in 
figure 2. 

There is a capacitive effect between 
plate a and plate b, between plate b 
and plate c, between c and d, and so on, 
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A typical group of modern tubular 

paper capacitors. These are widely 

used in electronic equipment though, 

for critical applications, designers 

may prefer capacitors having a 
plastic dielectric. 


Plastic tubular capacitors vary in 

their specifications, according to the 

choice of dielectric materiol. The 

types pictured above can be used 

where the application calls for ac- 

curacy and stability of capacitance 
Yalue, 


"^metallised 
tubular 
capacitor, — the 
metal foils are re- 
placed by a con- 
tinuous — metalli. 
film deposited di- 
rectly on the sur- 
face of the paper 
dielectric. 


x 


Tubular 
capacitors, too 
large for conven- 
ient “pigtail” 
mounting, a re 
often housed in 
round or rectan- 
pular metal cans. 
These should not 
be confused with 
“electrolytic” cap- 
acitors. 


the total capacitance of the unit is the 
sum of all the above. 

In actual practice, only low capaci- 
tance or ceramic capacitors employ two 
simple flat plates. Most others employ 
a multiplicity of plates, or some other 
arrangement which will give the required 
capacitance in a physically compact and 
convenient form. 

In producing a component with any 
given figure of capacitance, it is necessary 
to consider the amount of space which 
the complete unit will occupy, the 
mechanical rigidity of the structure and 
also the voltage which can be impressed 
across it without danger of breakdown. 

If the spacing between the plates is 
too small, or the dielectric material un- 
suitable, the stress set up may be so 
great as to disrupt altogether the 
structure of the dielectric. This would 
allow a flow of current and consequent 
charring, rendering the capacitor un- 
serviceable. 

In the past, capacitors rated up to 
about .001 uF (1000 pF) were usually 
of the so-called mica type. Small 
strips of thin metal were sandwiched be- 
tween pieces of mica insulation, alter- 
nate metal strips being joined together 
at the ends, similar to figure 2. 

The whole assembly was held together 
with a metal clamp, or sealed with wax 
into a ceramic case. Many manufac- 
turers moulded the completed assembly 
into a bakelite case. 

Connection to the two sets of plates 
was provided by terminals or short cop- 
Pet wire leads commonly called “pig- 
tails.” 

Different values of capacitance were 
obtained by varying the size and num- 
ber of the plates, and the thickness of 
the insulation between them, 

Mica capacitors are still used nowa- 
days, to a limited extent, but plastic 
and ceramic dielectric units are often 
preferred in many of the applications 
where the mica type were formerly used. 
We will discuss the plastic and ceramic 
capacitors a little later on. 

Ordinary mica capacitors are compar- 
able in size to a postage stamp and up 
to lin thick. They will operate safely 
with applied voltages up to about 500, 
and their capacitance value is usually 
stamped directly on the case. Some 
brands, however, employ a colour code 
to distinguish one capacitance from an- 
other. 

For capacitance values above about 
.01 uF, the bulk of a mica assembly 


begins to multiply unduly and a more 
convenient and economical form of capa- 
citor is usually employed; this is the 
paper or plastic tubular type. 

Two thin metal ribbons (usually alu- 
minium) are rolled tightly together with. 
a special impregnated paper or plastic 
film separating them. The two strips 
of foil serve the same purpose as the 
metal plates previously assumed, while 
the impregnated paper or plastic film is 
the dielectric. 

The capacitor is usually wound 
with the respective foils overlapping the 
paper at each end. The overlapping 
portion of the foil is pushed into a com- 
pact mass and maintained in contact 
with a pigtail for connection to the ex- 
ternal circuit, 

Squeezing together the ends of each 
foil ensures a short path between the 
pigtail and all portions of the metal foil. 
if connection were made only to one end, 
each foil would resemble a flat coil and 
exhibit an undesired inductance, as well 
as the required capacitive effect. 

The ultimate capacitance depends on 
the length of the foils, the distance by 
which they overlap and the characteris- 
tics of the paj or plastic dielectric. 

Tubular capacitors are generally seal- 
ed with a special wax or plastic mater- 
ial into round ite tubes, or 
coated directly with plastic. In size they 
may be up to two inches or so long 
and one inch in diameter. 


CAPACITANCE VALUE 


They are stamped or printed with their 
nominal capacitance value and also the 
maximum DC voltage which they will 
withstand across their terminals. Most 
ordinary tubular capacitors are rated to 
operate with a maximum voltage of 
about 400 DC but ratings as low as 100 
or as high as 2,000 volts are not un- 
common, 


They are made up in a variety of 
values between 100 pF and 2 uF, the 
particular value being marked on the 
case. 


In recent years, a particular type of 
paper capacitor has been introduced, 
known as "metallised paper." 

In these, there are no separate metal 
foils, as illustrated in figure 3. Instead, 
à continuous metallic layer is deposited 
on one side of each of the two paper 
strips, forming the dielectric. When the 
strips are rolled together, the metallic 
films act as the two electrodes, being 
separated by the intervening layers of 
OCA 
, The main advantage of the process lies 
in the reduction which it makes possible 
in the size of a capacitor of given capaci- 
tance value and voltage rating. 

Paper capacitors of capacitance 
larger than 0.5 uF are almost invari- 
ably sealed into rectangular metal cans 
intended for bolting to a chassis. These 
can-type paper capacitors are not un- 
common in values up to about 4 uF, 
a limit set, as much as anything, by 
physical bulk. 

The can type of construction is actu- 
ally used on occasions for smaller capa- 
citance values than 0.5 uF and, in some 
cases, several distinct units are mounted 
for convenience in the one can, and 
pooride with separate leads or termi- 
nals, 

_ Plastic dielectric capacitors are of 
similar construction to paper types but, 
as the name suggests, they employ a 
thin plastic film as the dielectric mate- 
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rial. They-are often given names like 
“polyester” or “polystyrene,” to signify 
the particular type of plastic film actu- 
ally used. 

Plastic dielectric capacitors are made 
in approximately the same values as 
paper types. However, they tend to be 
somewhat more stable and reliable than 
paper types, owing to the chemical 
characteristics and moisture-resistance 


of the plastic dielectric. For a given 
value of capacitance and a given volt- 
age rating, plastic capacitors also tend 
to be somewhat smaller than equivalent 
paper capacitors. They are usually some- 
what dearer, however. 

Ceramic dielectric capacitors are dif- 
ferent again in construction from paper 
and plastic or mica capacitors. This is 
due to two factors. One is that fired 
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Typical ceramic capacitors including 
multiple tube types in which two or 
three separate metallised segments on 
the outside of the tube exhibit capa- 
citance to a com- 
mon metallic layer 
on the inside. 
With multiple cap- 
acitors, the com- 
mon electrode is 
normally intended 


Figure 5: Sketched at right is one of 
the old can-type “wet” electrolytic 
capacitors, in which the centre con- 
nection normally goes to the positive 
side of the circuit, At lower left is 
a conventional tubular type, with the 
positive end marked on the outer 
sleeve. Sometimes a plus sign is used, 
or the end is coloured red. 
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ceramic material of the type used by 
these capacitors as the dielectric is 
rather brittle, and cannot be stressed, 
or made in the form of a thin film to 
be rolled up with the metal foil elec- 
trodes. 

The other factor is that the ceramic 
material can be made with an extremely 
high dielectric constant, which means 
that, in any case, it is not necessary to 
adopt the multi-plate or rolled-electrode 
type of construction, in order to produce 
high values of capacitance. A flat cera- 
mic disc with silver electrodes fired on 
to each side, or a hollow tube with 
a deposited silver surface inside and out 
is usually sufficient. (See figures 4a and 


By using the same basic construction 
and varying both the size and the di- 
electric constant of the ceramic, capaci- 
tors ranging from 1pF up to luF may 
be produced, in voltage ratings of from 
1 to 20,000 volts. The smallest ceramic 
capacitors are about 3/16in in diameter 
and 1/32in thick, while the largest may 
be more than an inch in diameter and 
iin thick. s 

The high-capitance types use a ceramic 
material which has a very high dielectric 
constant (around 6000) Two different 
types of high capacity ceramic capacitor 
are commonly available, being known 
as "HI-K" and "ultra-cap" units. The 
iatter are a comparatively recent devel- 
opment and are mainly suitable for cir- 
cuit applications where the voltages are 
below 25 volts, They offer a high capa- 
citance in a very compact form. 

Due to the effects of heat upon both 
the physical dimensions and the charac- 
teristics of the dielectric material, most 
capacitors exhibit a capacitance change 
with changes in temperature. The 
amount of capacitance change which 
occurs for a change in temperature of 
one degree C expressed as a fraction of 
the nominal value of the capacitor is 
called the TEMPERATURE COEFFI- 
CIENT of capacitance. 

The temperature coefficient of mica, 
paper and plastic capacitors cannot bz 
manipulated to any great extent and is 
usually kept as small as possible during 
manufacture. With ceramic capacitors, 
at least in the smaller values, it is pos- 

sible to produce almost any desired vaiue 
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of temperature coefficient — over a 
fairly wide range of both positive 
(capacitance increases with temperature) 
and negative (capitance decreases with 
temperature) values. 

This makes ceramic capacitors ex- 
tremely useful in many types of circuit 
where temperature variations in other 
components would otherwise cause the 
circuit to change its function with tem- 
perature. By using a ceramic capacitor 
which has the opposite kind of tem- 
perature coefficient, it is possible to 
arrange for a degree of cancellation so 
that the circuit as a whole is less affected 
by temperature variations. 

Besides being classified in terms of 
capacitance and voltage rating, there- 
fore, ceramic capacitors are also classi- 
fied in terms of the value and polarity 
(positive or negative) of their tempera- 
ture. Types having a positive tempera- 


Figure 6: A variable capacitor, rather 

old in style, but typical of many 

Which are quite suitable for use in 

simple rec using crystal detec- 

tors, or one or two valves or trans- 
sistors. 


Adjusting 


Terminals 
i Screw 


Figure 7: A semi-variable capacitor 

in which the capacitance is altered by 

adjusting a screw controlling the 

position and pressure of a springy 
metal leaf. 


ture coefficient are commonly given a 

ber having as a prefix the 
» While the letter “N” is used 
fy a negative coefficient. If the 
Construction and ceramic material have 
been arranged to give a zero temperature 
Coefficient (no variation with tempera- 
Bee) the capacitor is usually marked 


The ceramic used for the high va‘ue 
icitors — "HIK" types — is less 
suitable for this form of manipulation 
and normally has quite a high tempera- 
lure coefficient. This fact, coupled with 
a natural tendency for individual units 
to vary considerably from the nominal 
value — usually upwards —, means that 
these are unsuitable for use in any cir- 
Cuit where the value of capacitance is 
critical. However, in circuits which are 
not critical, they are extremely useful. 
Modern circuit practice often calls for 
Capacitors having very -high values— 
up to 100 microfarads or more — and 
Capable of operating with applied volt- 
‘ages to 500 or 600 DC. 
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A group of mod- 


pot rang- 
ing typically from 
16uF (lower right) 
to 100uF at the 
top and capable 
of operating at 
200 volts or more. 
Transistor circuits, 
now so popular, 
call for electro- 
lytic capacitors, 
much smaller in 


typically up 
about 20. 
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To produce rolled paper, plastic film, is necessary to use an electrolytic 
or ceramic capacitors to this specification capacitor with the electrolyte connected 
would be a costly job, besides which the to the negative side of the voltage 
finished article would be very bulky source, and the aluminium electrode to 


indeed. the positive side. . 
The difficulty has been overcome by Ordinary types must not be used in 
the development of the so-called ELEC- reverse polarity, or connected to a 


TROLYTIC capacitor, which makes use purely A.C. circuit. 
of the fact that aluminium and some ^ The oxide coating is actually a less 
other metals form extremely thin layers efficient insulator than, say, ceramic 
of an insulating oxide, when immersed or paper, so that a certain small leakage 
in certaim electrolytes. current has usually to be tolerated. The 
An electrolytic capacitor, in its coating and the electrolyte are also likely 
simplest form, consists of shaped to deteriorate after a few years’ service, 
aluminium plate immersed in a liquid necessitating replacement. 
electrolyte, itself a conductor of electri- For all their disadvantages, electro- 
city. lytic capacitors are widely. used, because 
During the process of manufacture, they make possible large capacitance 
the capacitor is connected to a source values with economy in both space and 
of direct current and FORMED. In cost. 
other words, the aforementioned layer In old-style  can-type electrolytic 
of oxide is caused to form on the capacitors, the electrolyte was contained 
aluminium electrode by electro-chemical as a liquid within a sealed metal can— 
action. usually aluminium; this can provided 
Once the forming process is complete, electrical connection to the electrolyte. 
the capacitor ceases to pass appreciable The positive aluminium electrode was 
current, since the oxide coating forms an supported centrally within it, being 
insulating layer between the aluminium roughened, fluted, crimped or otherwise 
electrode and the electrolyte in which treated to present the maximum possible 
it is immersed. The aluminium is, there- surface area to the electrolyte. 
fore, one electrode, the electrolyte the ^ Can-type electrolytics have now given 
other, and the oxide coating is the die- place almost completely to tubular 
lectric. types, employing an aluminium foil 
The thickness of the coating and the rolled with, an absorbent material 
voltage which the capacitor will with- soaked in electrolyte. 
stand is determined by the method of These "dry" electrolytic capacitors 
manufacture. often resemble the larger paper tubular 
Since the dielectric is produced and types, although others are assembled 
maintained by electro-chemical action, it within small cans for mounting on the 


* 


Typical ^ 2-gang 
and 3-gang cap- 
acitors as used 
in the tuning cir- 
cuits of domestic 
radio ^ receivers. 
This particular 2- 
gang has small 
semi variable 
“trimmer” cap- 
acitors built on to 
it for supplemen- 
tary adjustment 
of the tuning 
cuits. In principle 
they are similar 
to the unit 
shown in figure 7. — a a 
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PRINTED CIRCUITS 
MAKE THE JOB EASIER! 


If you design your own circuits 
or if you are making an 
"Electronics Australia" design . . . 
printed circuits from Precision 
Windings can speed the task and 
enable you to complete your pro- 
ject more effectively. 
Many standard “Electronics Aus- 
tralia” circuit boards are kept in 
stock and are available for im- 
mediate delivery at low cost. 


Special circuit boards made from 


artwork supplied are delivered im 
seven days. Send a stamped, 
addressed 9 x 4 envelope for 
Precision Winding FREE folder 
. +. "Artwork for Printed Cir- 
cuits.” This provides you with all 
the necessary information to assist 
you to prepare your own person- 
ally designed circuit boards. Art- 
work aids in the form of solder 
lands, black crepe tapes, clear film 
and transfer letters are also avail- 
able from Precision Windings at 
modest cost. Ask for a PW price 
list! 


AND FOR INDUSTRY . . . 


Many leading designers and engineers 
in Australian industry are finding new 
uses for printed circuits . .PW's 
process enables economical produc- 
tion of one or a thousand printed 
circuits. And there are many other 
advantages. 

Build for the future today . . .. 
with PW circuit boards! 


GS, 
a: 


@ 
Se 


52 Cambro Road, Clayton. Victoria. 
Tel, 54-7370 


chassis. Electrolytic capacitors are dis- 
tinguished usually by the description on 


the container, by the comparatively high M 


capacitance rating and by the "plus" 
and “minus” markings at either end. 

An almost universal feature in the 
tuning portion of radio receivers and 
other pieces of electronic equipment is 
one or more variable capacitors (or vari- 
able condensers) whose capacitance value 
is capable of easy adjustment. 

The most common-type employs . 
number of fixed and a number of 
moving vanes which mesh with one 
another to a greater or lesser extent. 

The fixed vanes, which are rigidly 
mounted on a supporting framework, are 
referred to as the STATOR plates. The 
moving vanes, locked on a revolving 
shaft, are known as the ROTORS. 

A variable capacitor must be well 
constructed mechanically, so that the 
two sets of plates will not foul one 
another at amy position. 

The plates of variable capacitors are 
shaped in various ways to obtain a 
specific relationship between capacitance 
and the number of degrees through 
which the control shaft is rotated. One 
purpose of this is to spread the stations 
more evenly across the tuning dial of 
a completed radio receiver. 

Variable capacitors may be made 
singly, but two, three or four units are 
often mounted within the one frame- 
work and on the one shaft, so that they 
operate together. Multiple units coupled 
together in this way are commonly 


At the top is a ceramic trimmer in 
which capacitance between the outer 
metal layer and the screw increases 
as the latter is turned into the tube. 
Below it is a typical “trimmer” ca- 
pacitor, as illustrated in figure 7. 


called GANG CAPACITORS or GANG 
CONDENSERS. 

Ganged capacitors commonly used in 
the tuning circuits of radio receivers 
have a maximum capacitance of about 
.0004 uF (400pF) but only about 
.00002uF (20pF) in the fully open or 
minimum position. 

This capacitance is achieved with 
anything from 17 to 23 plates in all, 
the ultimate capacitance depending on 
the number of plates, the area enmeshed 
and the spacing between them. 

Smaller variable capacitors of the 
same general pattern are used for special 
purposes. Some employ a smaller num- 
ber of conventional-sized plates; others 
use a large number of small plates, 


Concentric air trimmer 


capacitors 

shown fully out (minimum capaci- 

tance) at the top and fully in (maxi- 
mum capacitance) at the bottom. 


comparable in size to a penny, cut across 
the centre. 

Some circuit applications call for 
capacitors which are capable of only 
occasional adjustment within certain 
limits. — Variously described as SEMI- 
VARIABLE or SÉMI-FIXED capacitors, 
the most common are the mica compres- 
sion type, the air-concentric type, and the 
ceramic type. 

The mica compression type incorporate 
two or more metal leaves, insulated with 
mica and normally held apart by spring 
tension. Adjustment of a screw forces 
the leaves closer together, increasing the 
capacitance. These TRIMMER or 
PADDER capacitors are comparable in 
size to a postage stamp, and about one 
quarter-inch thick, They are widely used 
to effect adjustments made necessary by 
the use of ganged tuning capacitors. 

For critical purposes, mica compres- 
sion capacitors are not above reproach, 
which is why the various other types of 
trimmer capacitor have been devised. 

The air-concentric type uses air as 
the dielectric, as the name would imply, 
and has two sets of concentric metal 
iubes—one set of which may be moved 
along a threaded shaft so that its tubes 
enmesh with, but do not touch, the 
other set. 

Ceramig trimmers are made in a 
number of different forms, but the most 
popular consists of a hollow, internally 
threaded ceramic tube which has a metal- 
lic electrode fired onto the outside and a 
screw which is threaded into the tube. 
Adjusting the length of screw inside the 
lube varies the capacitance between it 
and the outer electrode. 

Other ceramic trimmers have a fixed 
inner electrode and an outer electrode 
which is in the form of a spiral of wire. 
Portion of the wire spiral may be un- 
wound to vary the capacitance. This 
type is mainly used in circi where 


the trimmer value is only required to be 
adjusted once, and then left. 


USE A HEAT SINK 


When soldering transistors and 
diodes, care should be taken to prevent 
heat damage to the semiconductor ele- 
ments. Attention to the following 
points will prevent this: Do not shorten 
the leads any further than necessary; 
don't hold the soldering iron to the lead 
for longer than a few seconds; use a 
“heat sink” to absorb heat from the 
soldering iron, close to the body of the 
transistor, A pair of thin-nosed pliers 
can be used, but a crocodile clip with 
strips of brass soldered to the teeth to 
ensure good thermal contact is prefer- 
able and leaves both hands free for 
working. 
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CHAPTER 5: 


Simple connections, complete and open cir- 


cuits, The effect of resistance; Ohm's Law; resistors in series and 


parallel, Inductors and induc! 


@ reactance, and series and parallel 


combinations of inductors; capacitors and capacitive 
reactance, capacitors in series and parellel. Impedance. Resonance in 


ance; variable tuned circuits. 


HE word "circuit" is quite broad in 

meaning, so that it is perhaps better 
that we try to explain and illustrate its 
meaning by example rather than try to 
define it. An electrical circuit is pos- 
sibly best regarded as a combination of 
conductors and components intended to 
control the movement of electrons in a 
specific manner; or alteratively to cause 
a electric current to perform some de- 
sired task, 

The concept of controlling the move- 
ment of electrons is fundamental. 

When a house is in the process of 
building, the plumber installs a water 
circuit, which carries the water from 
the street mains to certain parts of the 
house. 

The pipes are made large enough to 
carry the expected flow of water, and 
appliances are designed on the assump- 
tion of a certain maximum expected 
water pressure. The taps at the end of 
each run provide a means of controlling 
the quantity and duration of flow. 

An electrical circuit is designed just 
as deliberately. There are conductors 
to lead electrons along certain paths and 
insulators to prevent them flowing in 
other directions. Resistance, inductance 


and capacitance 
all have a definite 
part to play in 
controlling and 
utilising electron 
Figure 1: An example of an elemen- 
tary “circuit, volving torch 
globe, a socket and a celi ca; 
supplying direct current. Inset 


flow. 
circle is the equivalent circuit dia- 
gram. 
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lel and series circuits containing inductance and 


The natural urge at this stage is to 
present a series of mathematical for- 
mulae setting out in precise fashion the 
function of these circuit properties. 

However, not everybody is equally at 
home in the realm of mathematics and 
our aim is rather to impart a clear men- 
tal picture of conditions in various elec- 
trical circuits, deriving the few basic 
formulae in as natural a fashion as pos- 
sible. 

Consider the simple circuit arrange- 
ment of figure 1, in which a small torch 
globe is connected by means of wires 


Introducing resist- 
ence into the cir- 
cuit of figure 1 will 
reduce the amount 
of current which 
can flow in the cir- 
cuit and therefore 
through the lamp. 
In (a) the resist- + 
ance is of fixed 

value; in (b) it is variable. 


(a) 


and a socket to a dry cell. The connec- 
tions are illustrated pictorially and by 
means of a schematic circuit, 

Remember that there is a surplus of 
free electrons at the negative terminal 
of the battery and positive ions at the 
positive termini Immediately the con- 
nections are made, as shown in pe 
l, electrons move along the 
to the connection shown beneath the 
lamp socket. 

An insulating washer separates this 
bottom connection from the rest of the 
socket, so that there can be no direct 
movement of electrons across it. Instead, 
they move along the centre pin of the 
socket, which is bearing against a metal 
blob in the base of the lamp. 

Because there is still no alternative 
path, the electrons move along the leads 
within the globe, through the fine metal 
filament, thence to the metal shell form- 
ing the base of the lamp. 

This latter is in contact with the metal 
shell of the socket, so that the electrons 
pass on to this shell. thence to the fer- 
minal, the wire "b" and back to the 
positive treminal of the battery. 

This forms a complete electric circuit, 
which is often described as being CON- 
TINUOUS, 

Provided the lamp is of suitable pat- 
tern. the flow of electric current as de- 
scribed will cause the lamp filament to 
glow—the normal purpose of such a 


circuit. However, various circumstances 
could prevent this desirable state of 
affairs from being realised. 

For example, the washer in the base 
of the socket could conceivably split 
sufficiently to allow the two portions of 
the socket to touch one another directly; 
the electrons, instead of flowing through 
the lamp, would then take the easier 
path across the socket and the unwanted 
result would be described in technical 
parlance as a SHORT-CIRCUIT. 

If one of the leads were to be snipped 
through, or the lamp partially un- 
screwed from its socket, the electron 
path would be interrupted and the globe 
filament would again fail to glow. This 
circumstance is described aptly by the 
term OPEN CIRCUIT, 

The switch on an electric torch, or on 
the wall of your home, is simply a device 
which makes and breaks the electrical 
circuit between the globe and the source 


of power. When moved to the "off" 
Lamp 

(b) 
position, it opens the circuit; in the "on" 


position it closes the circuit. 

It provides a simple illustration of 
how electron flow can be controlled at 
will. 

Going a step further, consider the 
schematic diagram of figure 2, which 
shows a lamp and a resistor connected 
in SERIES, 

The word "series" is important be- 
cause it indicates that the components to 
which it refers are connected end-to- 
end, electrons moving first through one, 
then the other. 

The complementary term "connected 
in parallel" indicates that the particular 
components referred to are connected 
side-by-side in the circuit, so that the 
electron flow divides between them. 

As might be expected, a SERIES- 
PARALLEL circuit is one in which the 
individual circuit components are con- 
nected, some in parallel and some in 
series. However, we are tending to get 
ahead of ourselves. = 

Coming back to figure 2a, there will 
obviously be a movement of electrons 
from the negative terminal of the battery, 
through resistor R, through the lamp, 
and thence back to the positive battery 
terminal. 

We have already learned that a re- 
sistor, by its very nature, offers a definite 
opposition to the passage of an electric 
current, 

The circuit may be compared in some 
respects to a ferry boat turnstile. On 
‘one side there is a crowd jostling to get 
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through, while a thin file issues from the 
other side. So it is with a resistor—an 
accumulation of electrons on one side 
and fewer on the other. Look again at 
that last sentence. 

What we really have is a potential 
difference—or a voltage drop—across ihe 
resistor. The larger the electron flow or 
the higher the resistance value, the 
greater is the voltage drop across the 
resistor. 

This observation is of fundamental 
importance, and deserves plenty of 
attention. 

The exact mathematical relationship 
between current, resistance and voltage 
is set out in what is known as Ohm's 
Law: 

E equals Ix R .. .. .. (1) 
where E is in volts, I is in amps and 
R is in ohms. 


RI R2 R3 
— A 
(a) R4 
Ko 
w Lrs] 


Figure 3. Introducing two important 

in circuit parlance, the three 

(a) are said to be con- 

SERIES. In (b) they are in 
PARALLEL, 


Explained in so many words, the for- 
mula simply means that the potential 
d.fference developed across a resistor is 
equal to the product of the current flow- 
ing through it (expressed in amps) and 
the resistance (expressed in ohms). 

Thus, a current of 0.5 amp., flowing 
through a resistor of 6 ohms, would 
develop a voltage drop of 3 volts across 
the resistor. 

Try it out for yourself with the for- 
mula! 

By a simple mathematical “wangle,” 
formula (1) can be transposed into a 
second form: 

I equals E/R .. .. .. .. Q) 

Thus, if the voltage across a resistor 
of stated value is known accurately, for- 
mula (2) makes it possible to calculate 
the amount of current which is flowing 
through it. 

For example, if a potential difference 
of, say, 12 volts exists across the ter- 
minals of a 4 ohm resistor, the current 
flowing through it would necessarily be 


3 amperes, 
Further transposition of formula (1) 
gives: 
R equals E/I .. .. .. .. (3) 


If the voltage across a resistor is 
known, and the current flowing through 
it, it therefore is possible to calculate 
also the value of the resistor. 

To elaborate further on these import- 
ant and basic formulas would take up 
more space than is available, but the 
foregoing should give some idea of the 
essential relationship which exists be- 
tween voltage, current and resistance. 

It is important to note that all three 
formulas apply equally, whether one is 
concerned with direct or alternating cur- 
rent and potentials. 

In figure 2a, the voltage across the 
lamp filament must inevitably be less 
than that of the battery by the voltage 
drop across the series res'stor. 

If the value of the resistor is small— 
just a few ohms—the lamp filament may 
still glow, but with reduced brilliance. 
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With higher values of “R”, the current 
flowing may be so limited that the fila- 
ment will fail to glow at all, unless the 
battery terminal voltage is greatly in- 
creased, 

By having a variable resistor in place 
of “R” (figure 2b), it is possible to 
exercise control over the current flowing 
through the circuit and the voltage which 
is actually effective across the lamp. In 
many cars, such an arrangement allows 
the driver to adjust the brightness of the 
panel lamps. This is just one simple illus- 
tration of the actual effect of resistance 
in an electrical circuit. But let's take in 
a few more facts about resistors in a 
circuit. 

In figure 3a, three separate resistors 
are shown connected in series—that is, 
connected end to end. The total resistance 
of the combination is simply the sum of 
their individual values. 

Thus, if R1 is 1 megohm, R2 is .05 
megohm and R3 is 7,000 ohms, the 
total resistance of the combination 
would be 1,057,000 ohms or 1.057 meg- 
ohms. Cal] to mind our explanation 
of the terms ohm and megohm and 
check back on our addition, 

In figure 3b, three resistors are shown 
connected in parallel—that is, side by 


Reactance —» 


Frequency ——» 


Figure 4: An inductor (or coil) will 
carry direct current and presents to 
it a certain amount of resistance, 
often referred to as its “DC resist 
ence." Howev it presents what is 
called “inductive reactance” to 
alternating current, reactance in- 

creasing as the frequency ri 


side in an electrical sense. If the three 
occur in this fashion in an electrical cir- 
cut, they provide three suitable paths 
for the current. 

For a given electrical pressure (i.e. 
applied voltage), more electrons can 
move through the combination than 
could move through, say, just R5 on i's 
own; in other words, the PARALLEL 
RESISTANCE of the combination is less 
than that of any individual resistor in it. 

The general mathematical expression 


1 
"2 * R3 esete, se (4) 


in which Rt is the paralleled resistance of 
the combination, R1, R2, R4, R5, etc., 
are individual resistors and all values 
are expressed in the same unit of resist- 
ance, be it ohms, kilohms or megohms. 

Whether you can apply this formula 
immediately will depend on your fami- 
liarity with algebra. If your recollec- 
tion of algebra is not too good, simply 
remember the general statement just 
ahead of the formula. 

But let us move on. 

As explained in a previous chapter, 
the passage of an electric current 
through a conductor is attended by con- 
siderable atomic agitation and a certain 
amount of the electrical energy is dissi- 


pated im the conductor as heat. _ 

An extreme illustration is seen in the 
filament of an electric lamp, where the 
heat generated is so great as to cause 
the filament wire to glow brightly. The 
same heating effect is evident in resis- 
tors. 

The electrical energy dissipated in a 
resistor is expressed in WATTS, being 
equal to the product of the voltage 
across the resistor and the current 
through it in amperes. That is, 

W=Exl....:. S} 

The above formula can be transposed 
in various ways and combined with the 
Ohm's law expressions given earlier, but 
it is not our intention here to pursue 
mathematical investigations. 

Just remember that there is a definite 
limit to the current or voltage which any 
given resistor or combination of resis- 
tors can handle, For this reason, radio 
circuit designers often specify the mini- 
mum wattage rating required for certain 
resistors, as well as the resistance value. 

the constructor is careless enough 
to use too small a unit, the resultant 
heating effect may easily cause it to char 
and fail in service. So much, then, for 
resistors. 

Because of their special characteris- 
tics, inductance coils—INDUCTORS, to 
be more correct—find frequent applica- 
tion in circuits involving alternating cur- 
rents. 

If necessary, they will carry direct 
current but offer marked opposition to 
the flow of AC; this much we have 
already seen, 

The opposition to alternating current, 
that is the reactance of an inductor, is 
expressed by the formula: 


z22TL. (6) 


In which reàctance is in ohms, pi is 
equal to 3.1416, f is the frequency of 
the current in cycles per second, and 
L is the inductance in henries. 


Reactance —» 


Frequency ——» 


gure 5: A capacitor is virtually an 
open circuit" as far as direct cur- 
rent is concerned but it will con- 
duct alternating current. It offers 
“capacitive reactance” to the pas- 
sage of AC, the reactance becoming 
smaller as the frequency of the alte 
mating current ri: 


Without worrying too much about the 
formula, one point is obvious, namely 
that the reactance of any given inductor 
varies with frequency. The higher the 
frequency of a current, the greater the 
opposition a given inductor offers to 
its passage. 

Plotted graphically, the result is as 
shown in figure 4. 

Imagine an inductor connected into 
a complex circuit arrangement requiring 
it to carry a direct current and two 
alternating currents of different fre- 
quency. The jnductor would offer little 
opposition to the direct, but definite and 
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different degrees of opposition to the 
two alternating currents. 

This discriminating effect of an in- 
ductor is very widely utilised in radio 
circuits, as we shall come to appreciate 
later. 

If two or more inductors are con- 
nected in series, the total inductance 
value is equal to the sum of their in- 
dividual inductances, providing there is 


Figure 6: Vital to the 
operation of all radio 
and television receiv- 
ers is the parallel 
tuned circuit—an in- 
ductor end capacitor 
connected in parallel 
as at (a). Curve (b) 
shows how the im- 
pedance of the 
combination rises in 
the vicinity of a par- 
ticular frequency, 
known as the "resonant frequency." 


(a) 


no magnetic coupling between them; 
this is exactly the same as with resistors. 

In like manner also, the inductance 
value of a number of parallel-connected 
non-coupled inductors is less than that 
of any one of them and the expression 
is similar to formula (4): 


Condensers — or may we call them 
capacitors—are almost an opposite in 
their characteristics to inductors. 

Since the component parts of a capa- 
citor are necessarily insulated from one 
another, a capacitor cannot carry direct 
current. However, because of the 
phenomenon of electron displacement, it 
will carry alternating current, although 
offering some opposition to its passage. 

This opposition, known as capacitive 
reactance, is expressed in ohms and is 
given by the formula: 


In which pi is equal to 3.1416, f is 
the frequency in cycles per second, and 
C is the capacitance in farads. 

It is interesting to rote that the re- 
actance of a capacitor also is dependent 
on the frequency of the current flowing, 
but the relationship is just the reverse 
of that which characterises an inductor. 
With a capacitor, the higher the fre- 
quency of the current in the circuit, the 
lower is the opposition offered by the 
capacitor to its passage (Figure 5). 

A capacitor in an electrical circuit 
thus offers no path for the flow of 
direct current, but allows alternating 
current to flow through it with an ease 
dependinz on its own capacitance value, 
and the frequency of the current. Herz 
is yet another discriminating effect, 
which is widely utilised in radio re- 
ceiver and electronic apparatus design. 

When capacitors are connected in 
parallel, the total capacitance is equal to 
the sum of their individual capacitance 
values. That is: 


Ct = CI + C2 + C3... ete... (9) 


Thi: just the opposite effect to that 
stated for resistors and inductors. For 
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capacitors in series, we revert again to 
the familiar reciprocal expression: 


+ —...etc..(10) 


zn 
[3 
These expressions may be rather 


baffling to some, but don't worry over- 
much about that. The whole purpose in 


Resonant Frequency 


Impedance —» 


Frequency —3á- 


Time -— —» 


Voltage or Current 


Figura 7: Energy fed into a tuned 
circuit tends to produce an oscillatory 
voltage, as described in the text. 
The oscillation takes place at the 
resonant frequency of the tuned cir- 


Figure 8: The resonant frequency of 
a tuned circuit can be changed by 
varying either the value of the capa- 
citance (a) or the value of inductance 
(b . Such circuits provide the ba: 
which a radio receiver can “tune in^ 
individual radio stations. 


Figure 9: A series 
tuned circuit (a) and 
the way in which its 
impedance varies with 
frequency, to a 
mum value at reson: 
ance. Circuits of this 
type are frequently 
used to absorb energy 
at particular frequen- 
cies, being then known 
as “trap” circuits. 


(a) 


this chapter is to give a general picture 
of how components behave and why 
they are used, rather than to get down 
to a precise mathematical basis. 

Circuit requirements often call for a 
combination of resistance and induct- 
ance, either in parallel or in series. The 
opposition to such a combination to the 
flow of alternating current is neither 
wholly resistive nor wholly inductive and 
is expressed instead as an IMPEDANCE 
of so many ohms. 

The same word "impedance" also 
applies in circuits involving a combina- 
tion of resistance and capacitance. 


Examination of the word impedance 


from a mathematical viewpoint is rather 
too involved for inclusion in this chap- 
ter, but the student is well advised to 
foliow up the subject in other texts 
which choose to cover it in detail. But 
remember the term and remember also 
the effect of resistance inductence and 
capacitance in an electrical circuit. - 
@ Resistance is a definite property, in- 
dependent of frequency. 

@ Inductive reactance depends on, and 
increases with frequency. 

@ Capacitive reactance depends on, but 
varies inversely with frequency. 

e Inductors will carry direct current, 
but capacitors will not do so. 

@ Circuits combining the above proper- 
ties offer impedance to the flow of alter- 
nating current, the impedance depending 
on the frequency and the quantities in- 
volved. 

At this juncture, it is necessary to 
mention a matter of vital importance, 
namely the combination of an inductor 
(or coil) and a capacitor (or condenser). 

We have seen that the reactance of a 
coil increases with frequency and that 
the reactance of a capacitor decreases 
with frequency. 

Referring then to figure 6a it is 
obvious that, for any given value of in- 
ductance and capacitance, there must be 
a particular frequency at which the re- 
actance values of the two are equal. 

The frequency at which this occurs is 
commonly known as the RESONANT 
FREQUENCY and the coil and capaci- 
tor are said to be TUNED to this fre- 
quency. 

Because the two components are con- 
nected side by side (in the electrical 
sense), the combination is referred to as 
a PARALLEL TUNED circuit. 

In previous chapters we have learned 
something of phase; that the current 
through an inductor lags behind the 
voltage but leads the voltage in the case 
of a capacitor. 

At the resonant point of a tuned cir- 
cuit such as that of figure 6a the cur- 
rents through the two components — 
which are opposite in phase, one lag- 
gine the voltage by one-quarter of a 
cycle, the other leading by the same 
amount—are equal in amplitude. They 
accordingly cancel each other, so that 
the circuit offers an infinitely high re- 
sistance to current. 

Resonant Frequency 


i 


Frequency —3» 

The above assumes that the compon- 
ents are lossless or perfect — the coil 
having no resistance, and the capacitor 
no dielectric loss. In practice, however. 
this will not be true, so that at re- 
sonance the parallel tuned circuit will 
have a large but finite resistance. 

Note that the word used is RESIST- 
ANCE, for at resonance the inductive 
and capacitive reactance cancel ‘cach 
other, and the impedance of the ‘com- 
bination becomes simply a resistance. 

Because the reactive currents ciancel 
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at resonance, any current which still 
flows is in phase with the applied volt- 
age, since the circut behaves as a pure 
resistance. For this reason resonance is 
usually defined as that frequency at 
which the phase shift of the circuit is 
zero. 

The resonance of a parallel tuned 
circuit may therefore be thought of in 
terms of two connected but different 
effects. One, the cancellation of react- 
ances to leave simply an effective resist- 
ance (in other words, zero phase shift), 
and the other a rise and peak (or near- 
peak) in impedance to current. 

The relationship between circuit im- 
pedance and frequency is suggested by 
figure 6b. 

At its resonant frequency, a tuned cir- 
cuit has an OSCILLATORY quality. As- 
sume, in figure 6a, that the capacitor is 
disconnected, charged from a battery, 
instantly connected again to the coil. 

The charge across the capacitor 
would immediately commence to leak 
away, initiating a current through the 
inductor; in so doing, it would build up 
a magnetic field around it. Immediately 
the charge disappears, the initial cur- 
rent would cease, causing the magnetic 
field to collapse. 

Even as it collapses, however, the 
magnetic field maintains the current 
flow to the point where the capacitor 
becomes. charged again in the opposite 
polarity, Then the capacitor would be- 
gin to discharge in the opposite direc- 
tion and the whole action would be re- 
peated again and again. 

In practice, some of the energy is lost 
in each ALTERNATION, and the oscil- 
latory action ultimately’ comes to an 
end, The result, illustrated in figure 7, 
is Known as a damped train of waves. 
It is important to note that the natural 
period of oscillation of a tuned circuit 
corresponds to the resonant frequency 
—or that frequency where the react- 
ance of inductor and capacitor are 
equal. 

From an inductor and capacitor of 
fixed value there can obviously be only 
one definite and fixed resonant fre- 
quency, However, as we shall see later, 
radio design frequently calls for tuned 
circuits whose resonant frequency is 
capable of adjustment within certain 
limits. 

In practice, this is achieved by vary- 
ing either the capacitance of the con- 
denser or the inductance of the coil. Of 
the two methods, the former is the more 
usual (figure 8a), and it is for just this 
purpose that the variable condenser, 
illustrated in the last chapter, is em- 
ployed. 

Variation of inductance is less com- 
mon, but can be achieved by altering 
the physical relationship between two 
halves of a coil, or by inserting or with- 
drawing a metal core through the 
centre of the coil former, thus acting 
directly on the magnetic circuit. 

It is worth noting, in passing, that a 
resonant effect is also apparent between 
an inductor and capacitor connected in 
series. (9a). The reactance of such a 
combination reaches a minimum value 
at resonance, as is illustrated in figure 
9b. In later chapters, we shall see just 
how these various combinations of re- 
sistance, inductance and capacitance 
are employed in actual receiver circuits. 
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CHAPTER 6: Electron emission, filaments and cathodes. 


The plate or anode. The diode valve and rectification. The 


triode valve and amplification, The screen-grid or tetrode valve. Pentoa. 
and beam-power valves, Development of the various 
valve types, including multiple types in a single envelope. 


WE have already seen that all mat- 
ter, whether in solid, liquid or 
gaseous form, is made up of innumer- 
able atoms. Further, that these atoms 
are composed of protons and electrons 
in a constant state of motion. 

In materials known as conductors, 
some of the outer planetary electrons 
can migrate from one atom to the next 
in more or less random fashion. We 
launch into our discussion of valves 
from this point. 

This random movement of electrons 
can be accelerated by increasing the tem- 
perature of the conductor—usually one 


Evacuated Globe 


Figure 1. An elementary form of 

diode rectifier and (in circle) the 

schematic symbol for a diode. TI 

arc at the bottom represent the cath- 

ode; the rectangle at top the anode 
(or plate). 


or other of the metals or a metallic 
compound. 

As the temperature is gradually raised, 
the velocity of electron movement in- 
creases and a condition may ultimately 
be reached where some of the planetary 
electrons acquire sufficient velocity to 
break beyond the confines of the con- 
ductor. However, because of the at- 
traction of the parent body and the out- 
side blanket of air, the electrons so 
EMITTED return immediately to the 
parent body. 

Conditions are different when the 
emitting agent is contained within an 
evacuated space. 

With no gas molecules to bar the way, 
the electrons emitted from a heated con- 
ductor can move an appreciable distance 
from it. In the normal way, the loss of 
electrons leaves the parent body with a 
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Positive charge, so that it acquires a 
marked attraction for the minute nega- 
tive particles. They shoot out from the 
surface of the heated conductor, then fall 
back again. 

The net result is that the heated body 
is surrounded by a cloud of free elec- 
trons, like steam above the surface of 
boiling water, These free electrons can 
nevertheless be attracted from the im- 
mediate vicinity of the parent body by 
the simple expedient of placing a posi- 
tively charged metal plate elsewhere 
within the evacuated space. 

Evidence of this so-called “electron 

ission" was first noted by Thomas 
about 1880. Edison discov- 
ered than an electric current could be 
made to pass the ostensibly empty space 
between the heated filament of an elec- 
tric lamp and another metallic conduc- 
tor contained within the same glass en- 
velope. 

The effect was duly noted but was un- 
explained until about 1899, when the 


electron theory was first propounded, 

When the reason for the current was 
appreciated, and something of its charac- 
teristics investigated, its application to 
the new science of wireless communica- 
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At the left is an old-style valve, with the electrodes supported on an 
nd long leads running down inside the stem to the ba: 


tion was envisaged. Electron emission 
ceased to be a mere incidental effect and 
became a phenomenon to be controlled 
and utilised. 

The essential features of a radio valve 
are, therefore, a heated electrode to sup- 
ply free electrons, and one or more acldi- 
tiona] electrodes to control and utilise 
their movement — the whole mounited 
within an evacuated envelope. 

The electrode supplying the electrons 
is commonly referred to as the CATH- 
ODE and is usually heated by the pas- 
sage of an electric current, in precisely 
the same manner as the filament of an 
electric light globe. The shell enclos- 
ing the evacuated space may either be 
of metal or glass, the latter being the 
more common. 

Before going on to investigate just 
how the emitted electrons are controlled 
and utilised, it is as well to become 
familiar with the emitting electrode — 
the cathode. 

For many years, the cathode was a 
tungsten or similar wire, heated by the 
passage of an electric current; because 
of its similarity to the element in a light 
globe, this type of cathode was—and is 
— commonly referred to as a FILA- 
MENT. 

Since the heating current is directly 
utilised to raise the temperature of the 
emitting surface, the filament is called, 
in technical language, a DIRECILY 
HEATED CATHODE. 

In the early valves, the filaments were 
generally of pure tungsten, which emit- 
ted a goodly supply of electrons when 
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being of the miniature 
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heated to a brilliant white heat, Sub- 
sequent experiment showed that similar 
emission could be obtained, with greater 
economy in heating power, by impreg- 
nating the tungsten with thorium and 
operating the filament at a bright gold 
colour. 

Constant research has produced the 
modern OXIDE-COATED filament, 
which gives a copious supply of electrons 
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at a temperature sufficient only to heat 
the filament wire to a dull red colour. 

The current ised to heat the fila- 
ment, in a sense represents a waste of 
power, since it does not contribute fur- 
ther to the basic function of the valve; 
thus, for most purposes, there is every 
reason to reduce it to an absolute mini- 
mum, 

Filament-type (or — directly-heated) 
cathodes have chiefly been used in valves 
intended for battery-operated equipment, 
their particular advantage being economy 
of filament heating power, (It should be 
noted, in passing, that transistors are 
rapidly displacing’ valves nowadays in 
battery operated equipment). 

The battery used to supply the fila- 
ment is commonly referred to as the 
"A" battery. A typical filament is illus- 
trated in figure 2a. 

Although this type of valve was used 
in the early days of radio, there was a 
definite need for a valve that could be 
operated from a low voltage AC supply, 
as provided by a simple step down trans- 
former, Conventional directly heated 
valves could not be used in this way 
because the AC introduced severe hum 
into the output circuit. This was due both 
to the heating and cooling of the filament 
during the AC cycle, and the change in 
polarity across the filament, which 
formed part of the signal circuit. 

One approach to this problem was to 
use a very heavy filament, so that it 
would store considerable heat, and to 
make the signal connection to an elec- 
trical centre tap of the filament. This 
idea was only partly successful. It was 
satisfactory for the last stage (output 
valve) of a receiver, but introduced far 
too much hum if used in earlier stages. 
Such valves are still used to a limited 
extent in this and similar applications, 
such as high power stages of trans- 
mitters. 

However, the real breakthrough came 
with the development of the IN- 
DIRECTLY HEATED CATHODE. In 
this the cathode is a nickel sleeve coated 
with electron emitting oxides. Inside the 
sleeve is a filament or HEATER, in- 
sulated from it electrically, but able to 
heat the cathode indirectly by conduct- 
ion. Since the filament no longer forms 
part of the signal circuit, it can be oper- 
ated from AC without introducing hum, 
while the cathode stores enough heat to 
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ensure constant emission throughout the 
AC cycle. An indirectly heated cathode 
is illustrated in figure 2b. 

The fact that the emitting surface is 
isolated electrically from the heater also 
confers other advantages which are much 
appreciated by the designers of radio 
receiver circuits. 

Many thousand: of different valve 
types have been sold within the short 


Figure 2. A direct- 
Coated iy heated filament 
Cathode is illustrated on 

the left and, on 
the right, an in- 
directly ^ heated 
cathode. Most 
valves, th 


cathodes. 


Figure 3. The 
charac teristic 
curve for a diode. 
Plate current 
flows only when 
the plate is posi- 
tive with respect 
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in valve 
literature to show 
the characteristics 
of individual 
types. 


history of electronics, and there is a 
wide variation in the voltage at which 
their filaments or heaters are intended 
to operate. 

In battery valves, the filaments have 
variously been rated to operate at 1.4, 
2.0, 4.0, or 6.0 volts, according to the 
particular type, Mains-type valves have 
heaters rated to operate at various poten- 
tials from 1.6 to over 100 volts. 

When installing a valve in a receiver, 
this matter has to be kept in mind, as 
the application of an excessive voltage 
to a filament or heater may completely 
ruin a valve. 
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Coming back to the 
thought, let us assume that we have a 
metal plate mounted within the evacu- 
ated envelope and in proximity to the 
heated cathode. This second electrode 
can quite correctly be referred to as an 
ANODE or a PLATE. 

If it is connected externally to the 
cathode, a few high velocity electrons 
may strike it and return ultimately to 
cathode via the external connecting cir- 
cuit. However, the vast majority of the 
emitted electrons remain in the immedi- 
ate vicinity of the cathode, forming what 
is known as a SPACE CHARGE. 

Think of this space charge as a rest- 
less cloud of negative electrons — and 
therefore a negative charge, 

If a battery is connected between cath- 
ode and plate in such a way that the 
plate is negative with respect to cathode, 
it naturally tends to repel any electron 


Saturation « 


-<—Plate Voltage (E) —» + 


which happens to approach it, Remem- 
ber our earlier axiom — like charges 
repel. 

Reversing the polarity of the battery 
so that the plate is made positive, has 
just the opposite effect, the plate tend- 
ing to attract elecrons to itself; the 
higher the applied plate voltage, the 
greater the attraction, and therefore the 
greater the electron flow across the space 
between cathode and plate. 

A point is ultimately reached where 
the plate attracts every electron the cath- 
ode is capable of emitting, and when 
this stage is reached, the valve is said 
to have reached SATURATION. 

The whole relationship is most easily 
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illustrated with the aid of a simple 
graph, as shown in figure 3. Plate cur- 
rent is plotted in a vertical direction, 
and plate voltage, positive and negative, 
along the horizontal axis, 

There is no plate current while the 
plate is negative with respect to cathode, 
but a small flow becomes evident in the 
region where plate and cathode poten- 
tials are similar. 

Beyond this, an increase in positive 
plate voltage is accompanied by an in- 
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crease in plate current until ultimately 
the region of saturation is reached. 

A valve having only a plate and a 
cathode — either directly or indirectly 
heated — is commonly known as a 
DIODE, 

Just what happens when an alternat- 
ing voltage is applied to a diode is ilus- 
trated in figure 4. The voltage/current 
curve has been redrawn and the quanti- 
ties are designated by the common ab- 
breviations "E" (for voltage) and "I" 
(for current). 

The added curve at the bottom sug- 
pests the application of an alternating 
voltage which swings the plate alter- 
nately positive and negative. The diode 
passes current only on the positive 
swings, the negative swings having no 
effect. 


RECTIFICATION 


The ability of a diode to suppress the 
negative peaks of an alternating input 
wave is an extremely valuable feature, 
Ihe process being described as RECTIFI- 
CATION. 

Diode valves, with heavy cathodes and 
large plates, are widely used to convert 
alternating current to direct current in 
power supplies for electronic equipment, 
large and small. 

Other diode valves, small enough to 
conceal in the palm of the hand, play 
a vital part in radio receivers in making 
the signals from a broadcast station 
audible in the loudspeaker. The whole 
subject of rectification is a big one, but 
no more can be said of it just now. 

Diode valves of various patterns were 
used quite extensively in the early days 
of radio, but, in 1907, Dr Lee De 
Forest patented a type of valve rather 
like previous diodes in construction, but 
with a third electrode interposed between 
the cathode and the plate, d 

Commonly called the CONTROL 
GRID (or simply the grid), this third 
electrode proved to have a pronounced 
effect on the number of electrons passing 
from cathode to the positive plate. 

De Forests valve, known as a 
TRIODE, is illustrated pictorially and 
schematically in figure 5. 

The grid usually resembles in form a 
short length of open mesh helical spring, 
provided with one or more side rods 
for support. 
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lf the grid is unconnected, the elec- 
trons pass through its meshes from cath- 
ode to plate in the manner already de: 
cribed for a diode. However, if the grid 
is made slightly negative with respect to 
cathode, it exercises a repulsive effect 
on electrons moving outwards from the 
cathode, and some of them are turned 
back, 

If the grid is made progressively more 
negative, the repulsive effect becomes 
stronger and a condition can ultimately 
be reached where the electron current to 
the plate is cut off altogether, 

On the other hand, making the grid 
Positive with respect to cathode has an 
accelerating effect on the electron move- 
ment, so that the plate current is made 
higher than woud normally be the case. 

In fact, the positively-charged grid is 
likely to attract a certain number of 
electrons itself, giving rise to grid cur- 
rent. This is a condition which is gener- 
ally avoided. Instead, the valve is design- 
ed to operate normally with a cetain 
initial negative voltage, known as a 
BIAS. 

Making, the grid more or less negative 
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Filament 


Figure 5. The arrangement of elec- 


trodes within a simple triode. The 
schematic symbol for a triode is 
shown in the circle. 


than this initial bias voltage decreases 
Or increases the plate current with re- 
spect to its initial value. 

The degree of control which the grid 
exercises over the plate current depends 
very largely on the physical construction 
of the valve, However, De Forest's 
triode demonstrated conclusively that a 
small voltage applied to the grid could 
exercise control over a plate circuit in 
which comparatively large currents were 
flowing. 

In modern triode valves to quite 
ordinary pattern, a change of 1.0 volt 
on the grid can effect a change of 10 
or more milliamps in the plate current. 
Here is a chance to recall and apply 
Ohm's Law, as mentioned in an earlier 
chapter. 

In figure 6, the plate of a triode is 
shown connected through a PLATE 
LOAD resistor to the positive terminal 
of a bettery. This is commonly referred 
io as the "B" or high tension supply 
battery. 

The grid, on the other hand, returns 
to an adjustable resistor across a "C" or 
bias battery, No heater supply is shown, 


igure 6. With the 
aid of this diagram 
and a simple Ohm's 
Law calculation, the 
omplifyi: property 
of a trit demon- 
strated. The plate 
load is shown as a 
resistor, but it may 
be any device offer- 
ing a substantia] im- 
pedance to the flow 
of altern 
rent at the 
frequencies. 
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it being taken for granted that this re- 
quirement is attended to as a matter of 
course. Note that both batteries are con- 
nected, at one end, to the cathode of 
the valve. 

In equipment operating from the 
power mains, the various batteries are 
supplanted by electronic power supply 
equipment, but the traditional terms 
T "B" and "C" supply are still often 
used to distinguish filament (or heater), 
high tension, and grid voltages respec- 
tively. 

Assume that the grid bias of the valve 
is set at —4:00 volts, and that it is draw- 


ing a plate current of 3 milliamps 
through the load resistor, equal to 50,000 
Ohms. The voltage developed across re- 
sistor RL by this current would be: 
E IxR 
003 x 50,000 
150 volts. 

If the grid bias voltage is now in- 
creased to —5.0 volts, we may find that 
the plate current has decreased by, say, 
1.0 milliamp, so that the voltage drop 
across risistor RL becomes: 

E .002 x 50,000 
100 volts, 

In other words, a change of 1 volt 
on the grid has effected a change of 
50 volts on the plate potential. 
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It follows that, if an alternating volt- 
age of 1.0 volt were applied to the grid, 
an alternating voltage of no less than 50 
volts would appear in the plate circuit. 
Thus, the triode, with its associated com- 
ponents and power supply, is capable 
of AMPLIFYING a signal. 

Not all triodes can achieve an ampli- 
fication of 50 times, as our illustration 
might suggest, but the importance of 
this development is not hard to imagine. 
Diode valves could only alter the nature 
of an incoming radio signal; the triode 
could do this, if necessary, and amplify 
it as well! 

This fact was of tremendous import- 
ance in the development of early radio 
receivers. Signals from radio stations 
too weak to be discerned with equip- 
ment using a simple diode valve were 
amplified to complete audibility with 
triodes. ? 

Nowadays, one-valve sets using a 
single triode valve can receive stations 
from all over the world under favour- 
able conditions. 

Valve manufacturers have provided us 
with special high amplification. triodes, 
and with others intended to deliver 
enough power to operate a loudspeaker. 
There are also general purpose triodes- 
valves intended for a variety of applica- 
tions, 

With the rapid advance in radio 
knowledge, it soon became evident that, 
notwithstanding all its advantages, the 
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triode had definite limitations. And, as 
vaive designers sought to overcome these 
limitations and to keep step with pro- 
gress in circuit design, there came into 
being one new class of valve after 
another. 

Nor has the process finished even 
now, However, whereas attention at first 
was on new electronic principles, it is 
now more along the lines of achieving 
the most favourable physical and elec- 
trical characteristics. 

The chief single difficulty with the 
triode was the considerable capacitance 
between the plate and control grid, A 
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little thought will show that a condenser 
effect must surely exist, because the grid 
and plate are both fairly large physic- 
ally; they are mounted quite close 
together and insulated the one from the 
other. 

In some circuit applications this grid- 
plate capacitance effect did not matter, 
but in others it caused a lot of trouble 
and seriously limited the usefulness of 
the valve. 

If we can venture a little ahead of 
ourselves it may be said that the grid- 


Figure 7. The basic circuit 
connection for a screen-grid 
valve, represented shematic- 
ally, and showing typical ope- 
ing voltages for the grid, 
screen and plate. 


plate capacitance caused instability and 
oscillation in radio frequency amplifier 
stages, 

The ultimate answer to this problem 
was the introduction of another grid 
between the control grid and plate. The 
resulting four-electrode valve became 
known popularly as a “screen-grid” valve 
or “tetrode.” 

Valve designers arranged that this 
extra grid should be operated at a posi 
tive potential sometimes equal to, some- 
times less than that applied to the plate. 
A bypass capacitor was—and is—con- 
nected between this SCREEN-GRID and 
cathode (or earth), the capacitor value 
being chosen so that its reactance is low 
at the signal frequencies at which ampli- 
fication is required. Thus while the 
Screen grid is positively charged with 
respect to the cathode for DC purposes, 
it is virtually at cathode potential as far 
as the AC signals are concerned. (See 
figure 7.) 
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It thus acts as an electrostatic shield 
between grid and plate, and reduces the 
Capacitance effect between them to a 
very small figure, Whereas the capaci- 
tance averages 8 pF. in a triode, the 
grid-plate capacitance with screen grid 
or tetrode valve is seldom more than 

Ol pF. 

Further, to reduce the grid-plate capa- 
Citance it became common practice io 
Provide a connection for one or the 
Other in the form of a cap on the top 
of the glass envelope, instead of connect- 
ing it to the usual base pin. American 
practice was to connect the grid to the 
top cap. while in Europe the plate was 
often brought out on top. 

The reduced grid-plate capacitance, 
together with other characteristics pecu- 
liar, to the screen-grid construction, 
allowed much higher amplification tə be 
achieved in radio frequency amplifier 
Stages without danger of instability, 

Stability was further improved by in- 
stalling a metal screen to enclose the 
valve, or alternatively spraying the enve- 
lope with a metallic coating which could 
be connected via a base pin to cathode 
or to the chassis. 

In modern miniature valves, careful 
design and small size has largely obvi- 
ated the need for top-cap connections 
and metal shield cans. Plate and grid 
connections are brought out to pins on 
Opposite sides of the base socket and 
shields are built into the basic electrode 
structure, 

The screen grid was found to have 
interesting effects on the electrical char- 
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acteristics, quite apart from the reduc- 
tion in grid-plate capacitance. 

Being operated at a substantial posi- 
tive potential with respect to cathode, it 


tends to attract electrons from the latter 


in just the same way as the plate. Thus, 
some electrons are collected by the po: 
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tive screen, but the majority simply pass 
through its open mesh and proceed out- 
ward to the plate. 

However, the screen assumes a mark- 
ed control over the plate current and, 
speaking generally, we may say that the 
plate current in a screen grid valve de- 
pends very largely on the applied screen 
voltage, and to a lesser extent on the 
plate voltage. 

This is reflected in the changed values 
of plate resistance, amplification factor, 
and transconductance, all of which are 
important and basic valve characteristics. 

Instead of being a few thousand 
ohms, the plate resistance is more like 
0.5 to 1.0 megohm; amplification factor 
increases from 10 or 20 times to a 
figure of several hundred; transconduct- 
ance is not greatly affected, 

The first and best known screen grid 
valve in this country was the old type 
24A, and it is interesting to compare 
characteristics and curves for this valve, 
if you can still locate them, with those 
of the type 27 triode of the same general 
period. 

Although the en grid represented 
a distinct advance, it introduced certain 
difficulties, chief of which was the so- 
called SECONDARY EMISSION effect. 
When moving electrons strike the plate 
of a valve at high velocity, they tend to 
penetrate its molecular structure and dis- 
lodge other electrons, which are thus 
literally “bounced” off into space. 

Because this action is an incidental 
effect of main electron stream from the 
cathode, it is described by the general 
term of secondary emission. The effect 
is evident in triode valves, but it does 
not lead to ill-effects because the second- 
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ary electrons are immediately attracted 
back to the positively charged plate. 

In a screen-grid valve, however, the 
positively charged screen tends to attract 
some of the secondary electrons so that 
an electron flow is evident in the reverse 
direction between plate and screen. 

It is most noticeable when the screen 
voltage is equal to or greater than the 
plate voltage. This can occur easily in 
normal operation, when the control grid 
receives a positive-going signal impulse 
and the instantaneous plate voltage is re- 
duced sharply. 

Hence, secondary emission, by produc- 
ing undesirable effects in the plate cur- 
rent, limits the amount of plate current 
swing and offsets partially the advantages 
of the screen-grid structure for some cir- 
cuit applications. 

The ultimate solution to the secondary 
emission problem was offered by the ad- 
dition of yet another grid — this time 
located between screen and plate. The 
resultant five electrode valve came to be 
known as a PENTODE or PENTHODE. 
The SUPPRESSOR grid is usually a very 
open spiral and is generally connected 
internally or externally to the cathode. 
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Being negative with respect to both 
plate and screen, it tends to reduce the 
velocity of electrons approaching the 
plate in the normal manner, and diverts 
back to the plate the slow-moving elec- 
irons produced by secondary emission. 

Pentode valves are widely used now- 
adays in all classes of service. For radio 
frequency amplification they have super- 
seded the screen-grid type, typical modern 
RF pentodes being the 6BA6, 6BHS and 
1T4. Other pentodes have been design. 
ed especially for audio voltage amplifi- 
cation (types like the Z729 and EF86) 
and audio power amplification (types 
6F6-G, 3S4, 6M5, etc.). 

The modern beam power valve makes 
use of a diflerent principle to suppress 
secondary emission. There are the four 
major electrodes—cathode, grid, screen 
and plate, but they are so shaped that 
secondary emission from the plate is 
Eseyented without an actual suppressor 
grid. 

Because of the way the electrodes are 
spaced, electrons travelling to the plate 
slow down to a low comparative velo- 
city in a certain region between screen 
and plate. In this region the electrons 
form a dense cloud—a space charge. The 
effect of this space charge is to repel 
secondary electrons 
emitted from the 
plate and thus 
Cause them to re- 
turn to the plate. 

Two additional 
electrodes known 
as beam forming 
plates, which are 
connected intern- 


uct 

typical 
power 

showing 


beam - 
valve, 
how the secondary 


emission is sup- 
pressed. (Dia- 
gram by courtesty 


of ^ C. A, 


America). 
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ally to the cathode, are so placed as to 
concentrate the electrons emitted to two 
beams, on opposite sides of the oval 
cathode, 

Another feature common to beam 
power valves has the effect of reducing 
greatly the screen current. The helical 
coils of the screen and the grid are 
wound so that each turn of the screen is 
shaded from the cathode by a turn of 
the control grid. This alignment of the 
screen and grid causes electrons to travel 
in sheets between the turns of the screen 
so that comparatively few of them flow 
to the screen. 

The ultimate effect of forming the 
electron stream into horizontal and 
vertical beams, together with the reduc- 
tion of screen current and other refine- 
ments, results in beam power valves be- 
ing very efficient in operation. Typical 
beam power valves are the 6V6-GT, 
6AQS, and the transmitting type, 807. 

Tt is possible to make quite a long 
story about valve design and develop- 
ment, for the evolution of the pentode 
structure has not by any means satis- 
fied all requirements, Special circuit ar- 
rangements have brought the need for 
pentodes with a wide variety of char- 
acteristics. For example. SUPER- 
CONTROL or VARIABLE-MU pentodes 
have been evolved to permit smooth con- 
trol to be achieved over the gain of a 
receiver, 


MULTIPLE VALVES 


Furthermore, numerous valves have 
been developed and released which con- 
tain in the one envelope two or more 
distinct electrode structures. Most rec- 
tifier valves contain two diode structures 
but twin triodes and triode-pentodes are 
quite common, Some valves contain 
two diodes and a triode or pentode 
unit in the one envelope, while the bat- 
tery-type 1D8-GT contained no less than 
a diode, a triode, and an audio power 
pentode—all within its small glass bulb. 

Yet another distinctive class of valve 
is that intended for use as a frequency 
changer in superheterodyne receivers. 
m has yet to be ex- 
sufficient to say here 
that valves with no less than five grids— 


“hence called PENTAGRID CONVER- 


TERS—are in common use. 

Other valves intended for the same 
purpose have a triode and another com- 
plex structure in the one envelope, the 
two being independent or interconnected, 
according to the particular design, 

Physically, there is a like variety in 
design. Envelopes may be of either glass 
or metal, and fitted with bases having 
anything from 3 to 9 or more pins. Some 
glass envelopes are sprayed with a metal- 
lic coating, and overall size ranges from 
6 to 7 inches in height to less than an 
inch for special types. The beginner can 
do no more than keep a very open mind 
on the whole subject, becoming acquaint- 
ed with the characteristics of particular 
types, as they are met with in practice. 

There is, unfortunately, little standard- 
isation in the manner in which valves 
are depicted schematically. Generally, 
however, the filament is shown as an 
arc at the bottom of a large circle re- 
presenting the envelope. 

A larger arc or a straight line in 
proximity to the filament indicates the 
presence of a cathode sleeve. 

A solid or open rectangle at the top 
of the circle depicts the plate, while the 
various grids are shown by dotted or 
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Pentode 


Duo-Diode-Triode 


Duo-Dicde-Pentode 


Pentagrid Converter 


Triode-Heptode 


Twin Triode 


Figure 9. Schematic symbols for a variety of typical valve types. 


zig zag lines between cathode and plate, 
generally in the same progressive order 
as they are found in the actual valve, 
Typical valve symbols are shown in 
figure 9, but only familiarity will enable 
the student to interpret all circuits with- 
out hesitation, because of small depar- 
tures from the usual practi 


Physical and electrical details of the 


various valves are given in valve data 
charts released by most valve manufac- 
turers. The various type numbers are 
listed in alphabetical or numerical order 
followed by details as to type, dimen- 
sions, base connections and electrical 
characteristics. It is a good idea to ob- 
tain one of these charts and spend an 
hour or so studying its columns. 


Wireless Institute of Australia 


The wireless institute of Australia is an associa- 
tion of Radio Amateurs, bonded for the promo- 
tion of interest in amateur radio communication 
and experimentation, for the advancement of 
radio art and public service, and for the repre- 
sentation of the radio amateur in regulatory 
matters. 

Each state division provides a variety of ac- 
tivities, including training courses for prospec- 
tive amateurs, and for the younger member 
Youth Radio Clubs and Short Wave Listener 
Groups give instruction and assistance to the be- 
ginner, 

Inquiries regarding membership are requested 
—it not essential that you hold a station 
licence. 

SEND for application form and FREE copy of 
our brochure "How to Become a Radio 
Amateur", 

A sample copy of the institute journal 
"Amateur Radio" will be sent. To “bona fide” 
enquiries FREE, 


PUBLICATIONS FOR RADIO AMATEURS 
Be informed of latest techniques and amateur 
constructional articles from U.S.A. and the U.K. 
Subscribe through the Institute to one or more 
of these publications. 

"QST" Associate membership $5.40 p.a. 
"RSGB" Bulletin — Includes membership 
$5.95 paa. 
The bulletin is only sent to members. Send for 
application form for membership of RSGB. 
"CQ" $5.25 p.a. 
Ts $3.50 p.a. 


Address all enquires to FEDERAL EXECUTIVE 
c/- BOX 36. P.O, EAST MELBOURNE. 
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CHAPTER Ji $ Semiconductor materials, germanium and silicon. 


"Doping" semiconductors with impu 


* and "I 


type semiconductors, The junction diode and its properties. 
The junction transistor and its operation. 
Leakage currents, gain factors and other types of transistor. 


I" the first chapter, we learned of the 

atomic theory of the structure of 
matter, and how the atoms of the 
Various chemical elements are composed 
of differing numbers of electrons, pro- 
tons and other particles, We saw that all 
atoms consist of a central nucleus of 
protons and other particles, around 
which “orbit” a number of electrons— 
like a miniature planetary system. 

The orbiting electrons of every atom 
are imagined as being grouped in 
“shells” or “rings.” In atoms of a par- 
ticular element, the number of electrons 
in the outermost shell of each atom is 
of particular interest, since it determines 
many aspects of the behaviour of the 


A physicist in the laborato 
Delco Radio inspects the growth of a 
large crystal of germanium which 
will be used to make many thousands 
of transistors. Germanium and 
silicon are the heart of most transis- 
tors and semiconductor diodes. 


element, both chemically and electrically. 
It provides the basi fact, for the 
whole discussion which follows. 
Considering solid materials in general, 
an element will allow current to flow 
through it in the form of a passage of 
electrons if it has a small number of 
loosely-bound electrons in its outer shell. 
Elements which exhibit this character- 
istic are those which we have already 
defined in chapter 1 as "conductors." 
1f, on the other hand, an element has 
an outer shell containing a number of 
electrons either near or equal to the 
normal maximum number (usually 
eight), it is harder to produce a current 
of electrons through the material. Such 
elements are the “insulators,” another 
term introduced in chapter 1. 
The disinclination of insulators to 
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support current flow may be pictured as 
being due to an increase in the “bind- 
ing” of the outer electrons when there 
are close to the optimum number of 
them in the outer shell, The more there 
are, the more force must be exerted, in 
the form of an applied EMF, before 
they can be persuaded to move. 

It so happens, however, that certain 
elements, such as germanium and silicon, 
exhibit ‘electrical properties approxi- 
mately midway between conductors and 
insulators, as well as behaving in other 
interesting ways. 

These elements, as one might per- 
haps expect, have four electrons in 
their outer shell. They are called 
SEMICONDUCTORS, a name which 
includes not only elements but also 

pounds having a 


Resorting to diagrams, figure 1 repre- 
sents the atoms of a conductor and an 
insulator, while figure 2 represents the 
atom the semiconductor germanium. 
These diagrams should not be considered 
as "pictures" of atoms, but simply as a 
convenient way of depicting them. 


F9! CONDUCTOR 


THREE OR LESS ELECTRONS IN 
OUTER OR VALENCE RING. 


To be somewhat more accurate, the 
planetary electrons should be depicted as 
orbiting in a variety of planes around 
the central nucleus, 

In a lump of a substance, the atoms 
or molecules of the element or com- 
pound comprising it tend to be cohesive 
rather than to drift apart. There are a 
number of different ways in which they 
may be “bound together” but the type 
of bond which concerns us here is that 
which occurs in the semiconductors. 
This t; of bond is called “covalent 
bonding” and is represented diagramatic- 
ally in figure 3, 

Here the dotted circles represent the 
outer or “valence” shells of each of 
nine atoms of germanium (the inner 
shells of each are omitted for clarity). 
Note that each atom shares each of its 
four valence electrons with the four 


INSULATOR 


FIVE OR MORE ELECTRONS IN 
OUTER OR VALENCE RING. 


neighbouring atoms. Thus any two 
adjacent atoms are effectively “sharing 
a pair” of electrons and each atom, in 
one sense, has eight electrons in its 
valence shell. This produces a stable 
bond and a disinclination to pass current. 

Germanium atoms, arranged as in 
figure 3. in a typical pure crystal, are 
said to be in a “lattice,” as the diagram 
would suggest. 

As already mentioned, pure german- 
ium having this lattice structure has a 
rather poor conductivity (high resist- 


Dont be discouraged if this chap- 
ter is heavy going, because the 
fundamentals of semiconductors, 
diodes and transistors are concepts 
which often prove difficult to grasp 
even for those with considerable 
experience with electronics. 

with the ideas 
involved, for you will 
find that your effort will be well 
spent when we go a little further. 
But don't think future chapters will 
be as hard as this one—they're 
mot! Next month we start on the 
basic ideas behind 
sion and reception, 


ance) as all the outer shell electrons 
are employed in the lattice bonding and 
are fairly strongly bound. 

If heat is applied, the added energy 
causes the atoms and electrons to be- 
Come energetic, so 
that a certain num- 
ber of electrons are 
freed and made 
available for current 
flow. At low tem- 
peratures, however, 
the conductivity is 


or. 

Pure germanium is 
known as an IN- 
TRINSIC semicon- 
ductor, because of 
this behaviour. 

If small amounts 
of. other elements 
are added to the 
germanium as con- 


VALENCE RING 


ATOMIC xr 
HW (4 ELECTRONS) 


TUI 
, GERMANIUM ATOM 
Fig. 2 SEMLCONDUCTOR MATERIAL 


trolled impurities, the conductivity at 
normal temperatures may be greatly in- 
creased. This may occur in one of two 
ways, by adding one of two types of 
impurity element. This process is known 
as “doping” the semiconductor. 

For instance, if a small amount of an 
element having not four, but five elec- 
trons in its outer shell (such as phos- 
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phorus, arsenic, or antimony) is added, 
conditions' such as that shown in figure 
4 may arise. 

The impurity atom joins in the lattice 
structure and forms four covalent bonds 
with the surrounding atoms, but is still 
left with a "spare" electron. Thus this 
type of impurity is called "donor" im- 
purity, as its addition results in there 
being free electrons available for cur- 
rent conduction through the crystal lat- 
ice. 

Germanium crystal with a small 
amount of donor impurity is called N- 
TYPE germanium, the "N" suggesting 
additional negative charges. Semi-con- 
ductor materials in general having donor 
impurity are known as n-type semi- 
conductor. 

The other type of impurity which 
may be added is one which has only 
three electrons in its outer shell, such 
as boron, aluminium, gallium or indium. 
When small quantities of any such ele- 
ment are added to the germanium, con- 
ditions such as those shown in figure 
5 appear in the lattice. 

Here again the impurity atom joins 
in the lattice structure, but in this case it 
is only able to enter into covalent bond- 
ing with three of the surrounding atoms. 
There is no fourth electron to share with 
the remaining atom, so a defect in the 
form of an electron vacancy or HOLE 
is set up 

It happens that such holes are able 
to "travel" through the lattice from 
atom to atom, in much the same way 
as the free electrons do in the n-type 

aterial. Thus, under the influence of 
thermal (heat) energy or light energy or 
the electric field of an applied EMF, 
they move around the lattice and 
fectively constitute a current of positive 
charges. 

The type of impurity which produces 
holes in the lattice is termed an "ac- 
ceptor" impurity for, when the hole 
moves away from the impurity atom, 
the atom is regarded as having “accept- 
ed" a fourth valency electron from the 
atom which then has the hole. 

A semi-conductor material which has 
been doped with an acceptor impurity is 
termed P-TYPE, to distinguish it from 
n-type material by indicating that the 
conducti. by holes rather than elec- 
trons. While hole movement is in fact 
movement in the opposite direction of an 
electron or electrons, the hole proves 
to be a convenient and simple way of 
imagining the different types of conduc- 
iion in n-type and p-type materials. 

It is interesting to note that the im- 
purity atoms scattered through the par- 
ent material occupy normal positions in 
the lattice structure, just as if they were 
atoms on the parent material (i.e., atoms 
of germanium), However, the fact that 
the valence bond system associates each 
with one outer electron too few, or one 
too many, means that the orbiting elec- 
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trons do not exactly balance the charge 
of the nucleus. 

Thus, although the impurity atoms 
occupy normal positions in the lattice, 
they are actually atoms with an electri- 
cal charge—IONISED atoms, in other 
words, or simply IONS. 

Atoms of a donor impurity, having 
now one less than their normal outer 
electrons, become positive ions. 

Atoms of an acceptor impurity, on 
the other hand, having one more than 
their proper number of outer electrons, 
become negative ions. 

Thus the two types of impurity semi- 
conductor should be visualised as (1) n- 
type, having fixed POSITIVELY charged 
donor ions in the lattice and a normally 
equal number of “free” (for current con- 
duction) negative electrons, and (2) p- 
type, having fixed NEGATIVELY 
charged acceptor ions in the lattice and 
a normally equa] number of free posi- 
tive holes. 


DEPLETION 
LAYER 


The presence of impurity ions in the 
lattice structure of, say, germanium, 
with the attendant free electrons or 
holes, greatly modifies its conductivity. 

Now let us see what happens when 
a crystal is arranged so that an area 
of p-type and an area of n-type are next 
to one another. Such a state of affairs 
is shown in figure 6, which is a diagram 
representing what we can now call a 
P-N JUNCTION—simply a junction be- 
tween a p-type and an n-type lattice. As 
we shall see, such a junction behaves in 
a very similar way to the thermionic 
diode valve which we en in the 
last chapter, and thus is used as the 
basis of the JUNCTION DIODE. 

At normal temperatures, due to ther- 
mal energy, the current carriers—elec- 
trons in the n-type, holes in the p-type 
—wander freely throughout the lattice. 
Some may wander across the junction 
in the course of their travels. 

If a current carrier from one side 
wanders across the junction, there is a 
good chance that it wil] meet a carrier 
of the other type, each neutralising the 
other. 

For instance, if a conduction electron 
from the n-type side wanders into the 
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Fig. 5 


p-type, it may easily meet a hole and 
“fill” it the lattice in that immediate 
region reverting to normal. Similarly, 
when a hole appears in the n-type region, 
there is a very good chance that it will 
meet a conduction electron and the two 
will cancel one another as before, 

Due to this action, at normal tempera- 
tures there is a section of the crystal 
surrounding the junction which has vir- 
tually no carriers. This i called the 
DEPLETION LAYER, ing that 
it is effectively a "no-man's y land" as far 
as free current carriers are concerned. 

In the p-type section of the depletion 
layer there are no free holes present, 
and there is thus a net negative chargc 
—due to the fixed acceptor impurity ions. 
Similarly, the depletion layer in the 
n-type region acquires a net posi 
charge, due to the fixed donor impurity 
ions and the lack of free electrons. 

As the small graph in figure 6 
labelled "charge" shows, this means that 
the section of the crystal occupied by the 
depletion layer differs from the rest of 
the crystal in having nett charge 
“humps,” one each side of the junction, 
There is a negative charge “hump” on 

P-type si d a positive charge 
“huap on the n-tyj le (this is shown 
as a “dip” because it is of the opposite 
polarity). 

Because of this setting-up of opposite 
charge concentrations, each side of the 
junction, the p-type and n-type sections 
are effectively shifted in potential with 
respect to one another. For instance, the 
P-type region is effectively negatively- 
charged with respect to the n-type, 
because electrons in the n-type are pre- 
vented from passing to the p-type region 


(b) FORWARD BIASED-CURRENT FLOW 


due to the “hump” of negative charge 
on the far side of the depletion layer. 
(Remember, like charges repel one an- 
other.) 

The same is true of holes in the p-type 
region, which are discouraged from pass- 
ing to the n-type region by the nett 
positive charge n-type part of the 
depletion layer. 
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As the second curve of figure 6 shows, 
we can represent the potential difference 
which is set up by the depletion layer 
by showing a gradient in the depletion 
region, with the p-type negative with 
respect to the n-type. Or the n-type posi- 
tive with respect to the p-type, Whichever 
you prefer (see footnote). 

Looking at this potential diagram one 
can see the potential “hill” that carriers 
have to surmount to cross the depletion 
layer and reach the other region, Right- 


REVERSE 
EMF 


REVERSE 
CURRENT 


way-up, the hil| for electrons may be 
seen, travelling from right to left; invert- 
ing the page will show the hill seen by 
the holes. 

Since the depletion layer is brought 
about by holes and electrons crossing the 
junction, and since their ability to do so is 
derived largely from thermal energy, it 
follows that the width of the depletion 
layer and the potential difference 
between the two regions of the crystal 
is partly a function of temperature. 

With us so far? 

If you're not too sure, re-read some 
of the previous material for, as the old 
saying goes, "Here's where the story 
REALLY starts!" 

If we now try to pass a current 
through a germanium junction diode or 
"crystal" having a p-n junction, by 
applying an EMF across its ends, we 
find that interesting things happen. And 
it all depends upon the way we connect 
our EMF, for different things happen for 
each connection, 

If we connect an EMF so that its 
positive polarity connects to the n-type 
region and its negative polarity to the 
P-type region, as in figure 7(a), we are 
simply increasing the potential difference 
which the depletion layer has already set 
up between the two regions, What hap- 
pens is that we simply increase the 
width of the depletion layer (and its 
potential difference gradient) by causing 
more carriers in the crystal structure to 
cancel, 

After a very brief and tiny flow of 
these carriers no current flows apart 
from a leakage current which is due to 
various lattice imperfections and effects 
which need not worry us just at present. 
The initial flow amounts to a capacitive 
charge current, just as if the junction 
was a capacitor—which, in fact, it is. 

In this condition, which is called 
REVERSE BIASING, the junction may 
thus be regarded as an open circuit. Or 
more exactly, as a low value capacitor 
with a small leakage current. 

lf on the other hand we connect an 
EMF to the crystal so that its positive 
and, negative polarities connect to the 
p-type and n-type regions respectively, 
as in figure 7 (b), the situation is quite 
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different. In this case the external EMF 
opposes that set up by the depletion 
layer rather than assists it. 

If the external EMF is greater than 
that of the depletion layer (which is in 
practice only a few hundred millivolts) 
there will thus be a net EMF acting in 
the direction of the external EMF and 
the potential “hills” of the junction will 
be compensated by larger "downhill" 
sections. Current is thus able to flow, 
in terms of both electrons and holes 
within the crystal 
and electrons alone 
in the external cir- 
cuit. 

A junction in this 
condition is said to 
be FORWARD 
BIASED. Forward 
biasing thus results 
in high conductivity 
(low resistance) and 
easy current flow. 
Figure 8 shows a 
typical current-volt. 
age curve for a semi- 
conductor junction— 
note the low current 
with reverse bias- 


‘GOOD CONDUCTION 
ONCE DEPLETION 
LAYER POTENTIAL 

IS EXCEEDED 


FORWARD 
EMF 


ing (due to leakage) 
and the sharp rise 


Above is a sili- 
con power diode 
of the type used 
es a rectifier in 


CONTACT 


the type used in 


REGION WAFER OF 
"'erystal" sets and AFTER N-TYPE MATERIAL 
radios as a de- FORMING 


Fig. 9 


in current with forward biasing as the 
depletion layer potential is ex. 

As this curve shows, the semi-conduc- 
tor junction is thus very similar to the 
diode valve which we examined last 
month—it is effectively a "one-way" 
path for conduction. 

Sealed in a small glass shell for 
moisture protection and fitted with two 
connection leads, it is the familiar junc- 
tion diode which is used in "crystal" 
sets, in radio and TV receivers for detec- 
tion and other jobs, and in power sup- 
plies for rectifying AC into DC. We 


will see some of these uses in later 
chapters. 
Figure 6 showed the p-type and 


n-type regions as they might be if the 
crystal was “grown” as one lump, with 
the correct impurities added at the 


“CAT'S WHISKER" 


P-TYPE 


appropriate time to produce the required 
p-type and n-type regions. Although 
some diodes are actually made in this 
way, most of the commonly available 
units are made somewhat differently. 

In figure 9 is shown a diagram of the 
construction of a ty| mS small ger- 
manium junction di Metal-cased 
silicon diodes of the high-yolinge variety 
are constructed along similar lines, 
though the junction is arranged so that 
the depletion layer can withstand quite 
high levels of reverse bias. 

During construction the piece of 
n-type germanium is soldered to the 
cathode lead, and the fine wire "cat's 
whisker" contact welded to the anode 
lead so that it is in contact with the 
surface of the germanium. When assem- 
bly is complete, a short but heavy pulse 
of current is fed through the device, 
whereupon a small amount of the wire 
material melts and dissolves in the ger- 
manium near the contact. 

The composition of the wire and the 
techniques used are such that this pro- 
duces a very small area of p-type ger- 
ium in the immediate vicinity of the 
wire contact, to which the wire is firmly 
welded. Thus a p-n junction is formed 
which is small in area—and thus low in 
capacitance, which is desirable for many 
applications—yet quite robust. 

Bere power silicon diodes 

Pe in a similar way, except 
that a flat metal contact ting may be 
used, together with llet of p-type 
impurity which is aet welded to the 
larger n-type cathode wafer in the same 
way as al 

Having discussed the junction diode 
we can now progress to the junci 
transistor. This is simply the juncti 
diode carried one step further—a semi- 
conductor crystal having not one but 


are 
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FOR 
PROTECTION 


two p-n junctions. 


They are near one 
other and, as we shall see, they inter- 
act in a way which makes the transistor 


able to amplify small signals. The junc- 
tion transistor is thus the semi-conductor 
version of the triode valve, in the same 
way that the juncion diode is the version 
of the diode valve. 

There are two different types of junc- 
tion transistor, as there are two different 
ways in which one can arrange two p-n 
junctions to be side by side. One type 
is the common PNP type, where, as the 
symbols suggest, the two junctions have 
a common n-type region and separate 
P-type regions; the other is the less, 
common NPN type, where the two junc- 
tions share a common p-type region. 


Both types are quite practical and, in 
fact, they are often used side by side in 
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circuits—one type being best suited for 
ne jobs, the other type for different 
jobs, 

Figure 10 shows a diagram of an 
elementary PNP transistor. The common 
n-type region in the centre is thin, and 
is called the BASE region. The left-hand 
p-type region which is called the 
EMITTER is normally forward-biased 
with respect to the base by means of 
the battery El, so that the base-emitter 
junction conducts freely. 

The right-hand p-type region, termed 
the COLLECTOR, 'is biased in the 
opposite direction by battery E2, so 
that the base-collector junction is reverse- 
biased and would normally be con- 
sidered to be a high resistance. How- 
ever things are not the same as they 
would be with single junction. 

As we mentioned before, the base 
region is made quite thin. It is also 
made weakly n-type by only doping it 
with small quantities of donor impurity, 
whereas the emitter region is made quite 
strongly p-type by strongly doping it 
with acceptor impurity. 

This "differential" doping has one 
major effect: it makes holes play the 
major part in the current conduction of 
the emitter-base junction. In other words, 
most of the current passed is in the 
form of holes passing from emitter to 
base rather than in the form of electrons 
passing in the reverse direction. 


THIN BASE 


Because the base is thin, the base 
region part of the  reverse-biased 
collector-base junction depletion layer 
extends almost to the emitter-base junc- 
lion, This would not normally have 
much effect on the base, as the normal 
base carriers are electrons and would 
not be inclined to "climb" the potential 
"hill" to the negatively-charged collector, 
but it has quite an effect on the holes 
which reach the base from the emitter 
region. 

To these, the "hill" is not an uphill 
grade but an inviting downward slope. 
Thus, unless they are met and cancelled 
by one of the free electrons in the base 
as soon as they arrive, there is a good 
chance that they will "roll down" the 
potential hill into the collector region. 

Confused? Then consider it from 
another viewpoint. The base-collector 
junction is reverse-biased, meaning that 
carriers would normally not pass from 
one side to the other because of the 
fixed-ion concentrations and potential 
"hill" of the junction depletion layer. 
But the "hill" is only an upward grade 
for the particular carriers normally 
present on each side, 


"WRONG" CARRIERS 


What the emitter-base junction does, 
because of its forward bias, is to 
INJECT the "wrong sort" of carriers 
into the base-collector region. Not the 
usual electrons, which see an upward 
grade to the collector region, but holes 
— which see the potential gradient as 
à downward grade, and may therefore 
pass straight through. 

The holes "haven't been told" that the 
collector junction is meant to be an 
open circuit, as it were, and they accord- 
ingly have no objection to crossing over! 

Not all of the holes which cross the 
emitter-base junction pass through into 
the collector. A few are cancelled by 
electrons before they can do so, and the 
base region accordingly receives a 
corresponding number of electrons from 
the external base connection — in other 
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words, a small amount of the original 
emitter current flows “out” via the base 
lead, but most of it passes through to 
the collector. 

The currents in the transistor can be 
visualised in terms of the base lead 
current Ib and the collector lead current 
lc. In figure 10, Ib can be imagined 


THIS JUNCTION 
FORWARD BIASED 


as flowing in the small left-hand circuit 
loop, while Ic flows around the large 
outside loop. le may be considered as 
simply the sum of the two, as they both 
flow through the emitter lead. 

Due to the action of the transistor, 
there will be a definite ratio between 
Ib and Ic, the collector current normally 
being many times Ib. If we change Ib by 
a small amount thereby modifying the 
base-emitter depletion layer, Ic will be 
found to change by a proportional and 
much greater amount. 

In other words, the transistor will 
amplify small current changes. If we 
superimpose a small signal on the base 
current Ib, a larger replica of the signal 
will appear in the collector current Ic, 
If we include a resistor Rc in series 
with the collector, it will develop a 
voltage drop which will be proportional 
to the current changes, to produce an 
amplified output voltage. 

Like the triode valve, then, the 
transistor can amplify tiny signals so that 
they may be used to perform such tasks 
as operate earphones, loudspeakers, 
television picture tubes and so on. It is 
thus a very useful device in many fields 
of electronics — particularly as it does 
not need to be supplied with heater 
current as does the triode valve. 

Before we end this discussion of the 
transistor, there are one or two points 
which we should look at. The first is 
the matter of the amount of amplifica- 
tion obtained. 

It should be fairly obvious from the 
foregoing discussion of the operation of 
the transistor that the amplification will 
be governed by the number of holes 
which pass straight through the base 
from emitter to collector, The fewer 
the number of holes which are inter- 
cepted by electrons to produce Ib, the 
higher will be the gain. 

In manufacturing the transistor the 
gain can thus be manipulated by two 
methods: (1) making the doping ratio 
between the emitter and the base high so 
that the current is mostly holes going 
from emitter to base, and (2) making 
the base thin so that there is less oppor- 
tunity for the holes to meet electrons 
before crossing to the collector. There 
are also a number of other techniques 
which need not concern us at present. 

There are a number of ways of ex- 
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pressing the pain of a transistor, but 
many need not concern us here. For 
the present, it is probably sufficient to 
know that there are two common terms 
used, both being current gain ratios. 

The first is ALPHA ( which is 
basically the ratio of collector and 
emitter currents, Ic/Ie, Since lc is 
always smaller than 
le, Alpha is always 
smaller than one, be- 
ing nearer to one 
for high gi tran- 
sistors than it is for 
low gain transistors. 

The other current 
gain ratio is BETA 
(8) which is basically 
the ratio of col- 
lector and base cur- 
rents, Ic/Ib, Beta 
is almost always 
more than one and, 
in high gain transis- 
tors, can be as high 
as three or four hun- 
dred. 

Since Alpha and 
Beta are simply dif- 
ferent ways of con- 


A dozen low-power transistors con 

easily fit into a thimble. These arc 

mot sub-miniature types as used in 

hearing «ids, but normal general- 
purpose types. 


sidering the same effect in the transistor, 
they are related to one another; knowing 
one permits the other to be calculated, 
Beta is given by Alpha divided by (one 
minus Alpha); by turning the expression 
around, Alpha equals Beta divided by 
(one plus Beta), 


A photograph showing the con- 

struction of a typical high-frequency 

transistor. This type is called a 

“mesa” because the base water is 

etched away and resembles a mesa 
plateau. 
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Tt should be realised that due to 
thermal energy at normal ambient tem- 
peratures, some electrons and holes are 
generated in small quantities in all types 
of semi-conductor—intrinsic, n-type and 
p-type. Thus, in the transistor, EVEN 
WHEN AN EXTERNAL INPUT 
CURRENT IS NOT APPLIED, there 
are small currents flowing because 
thermally generated carriers "of the 
wrong sort” are present in small num- 
bers and are able to 
Cross the various 
junctions. 

For instance, due 
to heat energy, there 
will be some holes 
present in the base 
region even in the 
absence of holes be- 
ing injected from 
the emitter, and 
these will be able to 
"roll down the hill" 
into the collector, 

These thermally 
generated “minority 
carriers,” as they are 
called, are the rea- 
son for small LEAK- 
AGE currents which 
are observed to flow 
in the transistor even 
when no input is 
applied. As the num- 
ber of minority car- 
rierg generated de- 
pends upon the tem- 
perature, the leak- 
age currents are like- 
Wise proportional to 
temperature, both 
externally applied 
and internally generated. This is one of 
the things which tends to complicate tran- 
sistor circuits. 

Although, in discussion of the opera- 
tion of the transistor we examined only 
the PNP type, the operation of the NPN 
type is very similar, except that all 
Operating potentials are reversed. The 

PN type. by the way, use electrons as 
the principal conduction carriers rather 
than holes. 

Besides the simple PNP and NPN 
types there are 
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FOOTNOTE: 


From the discussion of the “depletion” 
layer in the above article, it might seem 
that one could measure the voltage set 
Up across a semiconductor junction (due 
to the cancellation of holes and electrons) 
by means of a sensitive voltmeter. One 
might expect to find a small voltage 
ucross a germanium diode when it was 
connected to a vacuum-tube voltmeter, 
for instance. 

This is not the case, however, because 
as soon as an external measuring circuit 
is connected to the diode ANOTHER 
depletion "layer" forms. It forms in two 
parts, at the ends of the crystal where the 
wires connect—the external circuit simply 
acts like another junction, and cancella- 
tion occurs as before. Thus there is no 
nett voltage in the circuit, and the meter 
will show nothing. 

While we cannot measure the depletion 
layer voltage of a normal diode, we can 
measure a voltage across a special type 
of diode know nas a "solar cell." In this 
type of diode, the "main" p-n junction is 
made so that it can be exposed to light 
or heat radiation while the rest of the 
diode remains unexposed. 
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“grown” side-by-side 
the emitter and collector sections formed by alloying 
on "dots" of impurity. The collector dot is larger os 
it has to dissipate more heat, being a higher resist- 
ance. The silicone grease helps conduct heat to the 


"drift," “micro-alloy diffused,” and many 
others, are used for amplification at very 
high frequencies and for other special 
jobs. However, all are based on the 
type which is shown in figure 10, except 
some few special types which are strictly 
not transistors at all but are so called 
for the sake of simplicity. 

A final word: Although the transistor 
is the semi-conductor equivalent of the 
triode valve there is one vital difference. 
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The valve controls output current with 
input voltage (grid bias), and has a very 
high resistance input- draws a micro- 
scopic input current, if any at all. On 
the other hand, the transistor controls 
output current with input CURRENT 
and may present quite a low input 
resistance. 

By suitable circuit arrangements it is 
possible to make the transistor present 
the input circuit with quite a high resist- 
ance, but never as high as that presented 
by a valve, because the transistor works 
by input current and must draw a cer- 
tain amount before it can work. 


Because greater radiation energy is 
given to the carriers near the exposed 
junction, the depletion layer which is set 
up has a greater voltage than that at the 
connections, which are "dark" and at 
ambient temperature only. Thus there is 
a nett voltage produced, which can be 
used to operate small radio receivers or 
other devices, 
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CHAPTER 8: 


Electromagnetic radiation. Radio waves. 


Escape of energy as electromagnetic waves from charging 

and discharging reactance. The transmitting aerial. 

The use of a high-frequency carrier, Frequency and Wavelength. 
Generating the RF carrier, The RF oscillator. Quartz crystal 
oscillators. The RF amplifier. Keyed CW transmitters. AM and 
FM transmission. The AM transmitter. 


N the first seven chapters, we have 
been introduced to the basic com- 
ponents or "building blocks" of elec- 
tronics—resistors, capacitors, inductors, 
valves, transistors, and so on. We have 
also seen something of the various ways 
in which these components may be coi 
nected together to make elementary ci 
cuits. 

Jt is important that one has a firm 
grasp of these matters before one attempts 
to delve into the more practical aspects 
of electronics. However, there are no 
doubt many readers who have so far 
been thinking along the lines—“All these 


—step out into the sunlight, and you 
have proof that energy is traversing the 
93 million or so miles between the sun 
and you. It warms your body, it can 
stimulate the retina of your eye, it can 
be used to evaporate water, and so on. 

Radio waves are simply another sort 
of electromagnetic radiation, along with 
light and heat. We shall see in a moment 
how these three forms differ from one 
another; first we must learn just what 
electromagnetic radiation really is. To 
explain this fully we would need to delve 
into lots of mathematics, but we're 
deliberately going to simplify the story 
so that you will be 
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components may be very interesting, but 
how are they used to send messages and 
music—or even pictures—to a distant 
place, without any physical connection?" 

With this chapter we begin to answer 
such questions, for we are now in a 
position to start examining how electronic 
components may be put together to 
transmit intelligence (whether it be mess- 
ages, music, or pictures) from one point 
to another—without wires. In other 
words, we are now going to look at the 
basic principles of radio transmission and 
reception. 

The whole of radio depends upon the 
fact that a certain form of energy, called 
"electromagnetic radiation," can travel 
from one place to another practically 
instantaneously, and EVEN THROUGH 
A VACUUM or the near-vacuum of 
outer space. 

You are already familiar with at least 
two types of electromagnetic radiation— 
light and heat. You are also aware that 
these two forms of energy radiation can 
travel through the near-vacuum of space 
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said could be returned to the circuit 
when the field was allowed to collapse. 

Now, in implying that ALL the energy 
tored in electric and magnetic fields 
could be returned to the circuit, we were 
simplifying the situation slightly. We did 
it to emphasise the difference between 
the basic energy STORAGE behaviour 
of reactance (capacitance and induct- 
ance), as opposed to the energy DISSI- 
PATION (conversion to heat) behaviour 
of resistance. 

In actual fact, however, NOT QUITE 
ALL the energy stored in an electric or 
magnetic field is returned to the circuit. 
Some is lost—it escapes, and flows or 
RADIATES away from the capacitor or 
inductor like the ripples from the surface 
of a pond disturbed by a stone. It can 
be picked up at a distant spot, by a 
suitable detecting device. 


It happens that the form in which it 
radiates is the same in both cases—it 
doesn't escape from the capacitor as 
electric field alone, nor from the in- 
ductor as magnetic field alone. In both 
cases, the energy radiated as COM- 
BINED electric and magnetic fields— 
hence the name, "electromagnetic" radia- 
tion. 

The reason why the energy radiated 
is in the form of a combined field is 
that a changing field of either type is 
always accompanied by the other type. 
One can't have DUE electric field 
without a magnetic field along with it, 
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As with a capacitor, so too with an 
field is accompanied by an electric 


field, and radiation of energy again takes place. 


or EMF to a capacitor caused the capa- 
citor to "charge up." We saw that this 
was a process whereby the space between 
the two capacitor plates became “strain- 
ed” or in a state of tension, We called 
this state of tension an electric field, and 
we said that it was stored energy which 
could be returned to the circuit when the 
capacitor was discharged. 

In another chapter, we saw that pass- 
ing a current through an inductor sets 
up a magnetic field around the inductor. 
The magnetic field, like an electric field, 
is a state of tension in space, but it is a 
different type of tension. It represents 
another sort of stored energy, which we 


nor can there be a changing magnetic 
field without an electric field. 

Let's just summarise these ideas about 
electromagnetic radiation before we go 
any further: the total energy “stored” 
in a capacitor or in an inductor, in 
their respective types of field, can never 
be fully returned to the circuit, because 
some of it cscapes or "radiates" away. 
Tt escapes as a combined electromagnetic 
field, which is produced during the 
charging and discharging processes when 
the felds are changing (building up or 
collapsing) because whenever one type 
of field changes it produces the other 


type. ‘ 
When the field of a capacitor or of 
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an inductor is built up or allowed to 
collapse, then, a small "wave" of electro- 
magnetic energy radiates away in all 
directions. But if we apply an-alter- 
nating EMF to the capacitor or inductor, 
a continuous series of electromagnetic 
waves will be produced. The continuous 
buildup-decay-reversal nature of the field 
in the capacitor or inductor will produce 
electromagnetic energy which will radi- 
ate away in waves having the same fre- 
quency as that of the alternating EMF. 


What we know as RADIO WAVES boi 


are electromagnetic waves produced by 
currents so that they have a frequency 
of from about 10,000 cycles per second 
(EXTRA LONG WAVES) to about 
100,000,000,000 — cycles per second 
(MICROWAVES), 

Incidentally, when discussing the fre- 


currents in the aerial itself create 


quency of radio waves or of the currents 
which produce them, the simple unit 
of “cycles per second” often becomes 
unwieldy. Things are simplified by using 
the KILOCYCLE/sec, which is 1,000 
cycles/sec, the MEGACYCLE/sec, 
which is 1,000,000 cycles/sec, and the 
GIGACYCLE/sec (formerly called the 
KILO-MEGACYCLE/sec), which is 
1,000 Megacycles/sec. 

Often the ending "per second" (/sec) 
is written p.s. or even left off completely. 

The radio frequency spectrum thus 
extends from about 10 Kilocycles/sec 
(10 Ke/s) to about 100 Gigacycles/sec 
(10 Gc/s, or, as formerly written, 10 
K-Mc/s). The alternative descriptions in 
terms of wavelength (long short. 
medium-, micro-waves, etc.) are less 
often used, but describe the length of 
one cycle of the electromagnetic waves 
concerned. 

Wavelengths are inversely proportional 
to frequency, which means that the 
higher the frequency, the shorter the 
wavelength, and vice-versa. Wavelength 
is measured in METRES, and the length 
of a wave in metres is given by its 
frequency in Megacycles/sec (Mc/s) 
divided into 300. Waves of a frequency 
of 100 Mc/s thus have a length of 
3 metres, and so on. 

We said before that light and heat 
were electromagnetic radiation but that 
they differed from radio waves in some 
way. In fact, they differ in terms of 
frequency. Heat radiation is in effect 
super-high-frequency radio waves or 
"extra-short" microwaves, while li, 
radiation is a higher frequency again. 
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Light waves are so short that their wave- 
length is measured in Angstrom units 
(ten-thousand-millionths of a metre). 
But let us return to radio waves and 
their generation. When people first 
observed that energy was radiated from 
a changing electric or magnetic field, 
and saw that it could be picked up at 
a distant spot, they started thinking. 
Surely, they reasoned, this effect could 
be used to transmit intelligence from 
one point to another. And thus was 
rn the idea of using radio waves as 
a means of communication. 
Experiments showed that radio waves 
could be radiated in more efficient ways 
than from a simple capacitor or inductor. 
There have thus been developed vari 
types of special radiating devices, which 
you will be familiar with as AERIALS. 
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magnetic waves with frequencies as low 
as those we can hear (between about 30 
cycles and 16 Kc/s). Transmitting aerials 
miles in length are needed if practical 
amounts of energy are to be radiated, 
There are also other difficulties associa- 
ted with the transmission of such low 
frequencies, but these need not concern 
us here. 

It so happens that higher frequency 
waves are easier to radiate. Efficient 
aerials may be made in convenient sizes, 
Which will radiate suitable amounts of 
energy if high frequencies are used, 

In practice, then, we do not radiate 
voice-frequency radio waves. We radiate 
at considerably higher frequencies, called 
RADIO FREQUENCIES (RF), by sup- 
plying the aerial with alternating current 
generated by an RF OSCILLATOR and 
amplified by an RF AMPLIFIER, These 
may use valves or transistors, as we 
shall see a little later on. 

The broadcast radio stations radiate 
waves with frequencies in the range 
550 Kc/s-1500 Kc/s. Long distance com- 
munication stations operate from about 
2 Mc/s to 30 Mc/s, in what is called the 
"short wave" or high-frequency (HF) 
band. Television stations transmit waves 
at frequencies between about 50 Mc/s 
and 250 Mc/s (the VHF band), and so 
on. 

Radiating at radio frequencies is 
desirable from the ease-of-transmission- 
of-energy point of view, then, but it 
complicates the procedure of sending 
messages, Unfortunately, human beings 
can neither talk nor hear at radio 
frequencies! 

Means must, therefore, be used where- 
by our RF waves can be used as a 
vehicle or CARRIER for the information 
to be transmitted. This is called MODU- 
LATING the RF carrier. 

The simplest way of doing this, and 
the way that was first used, is to arrange 
that the alternating RF currents fed to 
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Figure 4. A keyed-carrier wave transmitter is a system whereby messages 


can be radiated ii 


the form of long or short “bursts” of RF waves, A key 


switches the RF oscillator and amplifier sections on and off according to 
the "dots" and “dashes” of the morse code. 


A properly designed aerial stores very 
little energy fed into it lets most 
of it escape, as radiation. 

At this stage, it might be thought 
that to transmit messages by radio, one 
need simply speak into a microphone, 
amplify the resulting voice-frequency 
Voltages with a valve or transistor ampli- 
fier, and feed the amplifier to an aerial, 
Then, it might be reasoned, one would 
only need another aerial and an ear- 
Phone to receive the message at a 
distant spot. 

Now while messages can be and have 
been sent in this way, it proves quite 
difficult to satisfactorily transmit electro- 
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the transmitting aerial are turned on in 
bursts or PULSES. The pulses are 
arranged to be either long or short in 
duration, and various combinations of 
long and short bursts made to correspond 
to letters of the alphabet and numerals. 

This type of transmission is known as 
KEYED CARRIER WAVE transmis- 
sion, or just "carrier wave" (CW) trans- 
mission. And the code used to pulse the 
carrier wave in short ("dots") and long 
("dashes") bursts is, of course, the 
familiar "MORSE" CODE. 

With CW transmission the operator is 
provided. with a KEY, which is a switch 
connected to the transmitter. The key is 
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arranged so that in its rest ition the 
RF oscillator and RF amplifier send no 
energy to the aerial. When the key is 
pressed down, however, the oscillator 
and amplifier are turned “on,” and by 
pressing the key briefly or for slightly 
longer the operator can send short or 
long bursts of RF energy to the aerial— 
to be radiated as dots and dashes. 

A long burst followed by three short 
bursts means “B,” for instance, while a 
short burst followed by a long means 
“A.” Each letter of the alphabet and 
numeral is represented by a particular 
combination of short and long bursts. 

One way of describing keyed carrier 
wave transmission is to say that the 
carrier is AMPLITUDE MODULATED. 
This is because the code information is 
carried by the waves as differences in 
their strength or “amplitude.” The 
strength is zero between dots and dashes, 
while the full carrier strength is present 
while they are being transmitted. 

Keyed carrier wave transmission is 
quite satisfactory as a means of trans- 
mitting simple messages, but it obviously 
lacks something where speech, music or 
Pictures are concerned. Who would be 
able to recognise their favourite piece 
of music translated into dots and dashes? 

Fortunately, there are other ways of 
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Figure 5. A parallel-tuned circuit 
will produce an oscillatory EMF if it 
is fed with energy. The EMF decays 
due to circuit losses unless energy is 
continually supplied. 


modulating the RF carrier in order to 
send information, besides the simple on- 
off amplitude modulation of keyed CW 
transmission. Although there are quite 
a large number of alternative modulation 
systems, we will confine ourselves here 
to the discussion of only one — that 
used by all the “radio” broadcasting 
stations. 

The broadcasting stations, like keyed 
CW stations, amplitude modulate (AM) 
the RF carrier. However, rather than 
switch the carrier through only two steps 
of amplitude (off and on), they vary its 
amplitude continuously. In this way, 
the continuous variations of the human 
voice or music can be transmitted faith- 
fully, as similar variations in 
strength of the radiated waves. 

In the remainder of this chapter, we 
will see how this is done. Following 
chapters will be devoted to the opera- 
tion of the receiving end of the system, 
to show how the receiver is able to 
recover the original transmitted voice 
or music from the amplitude modulated 
waves. 

Before we examine how the signals 
to be transmitted are made to amplitude 
modulate the RF carrier, we should 
have a look at the way in which the 
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Figure 6, By using an amplilier de- 
vice such as a valve or transistor to 
feed amplified oscillations back to 
the tuned 'cuit, it can be made to 
oscillate continuously. The combina- 
tion of tuned circuit and amplifying 
device is called an OSCILLATOR. 


RF carrier is generated in the first 
place. In other words, we should look 
at the RF oscillator, which perbaps can 
be regarded as the "heart" of any radio 
transmitter. 

You may remember that in chapter 5 
of this course, we saw that a capacitor 
and an inductor may be connected in 
parallel to form a parallel tuned circuit. 
We saw that when such a tuned circuit 
is fed with a short burst of energy, it 
tends to oscillate, producing a decaying 
or "damped" alternating voltage. 

The frequency at which the circuit 
oscillates, which is the frequency of the 
alternating voltage, is determined by the 
resonant frequency of the tuned circuit. 
This in turn depends upon the values 
of the capacitor and the inductor, as 
one might expect. 

In fact, the frequency of the voltage 
produced is given by 


2r LC 


F= 


where F is the frequency in cycles/sec, 
pi is 3.1416, L is the coil inductance 
in Henries, and C is the capacitor value 
in Farads. 

A tuned circuit can thus be used to 
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Examples of tuned oscillators. 
triode valve, while the oscillator at right uses a PNP transistor. 


generate an alternating EMF of any 
desired frequency, by suitable choice of 
the inductor (coil) and capacitor. So if 
we want to generate an RF carrier of 
a certain frequency, we can select a 
capacitor and coil to resonate at this 
frequency. 

But a tuned circuit alone is not suffi- 
cient, for it has coil resistance and other 
losses which make the alternating volt- 
age decay and die away. To produce 
a continuous, steady supply of alternat- 
ing EMF at our carrier frequency, we 
must arrange for the tuned circuit to 
be continually fed with energy, to over- 
come its losses and keep it oscillating. 

Here is where valves or transistors 
or other amplifying devices enter the 
picture, for by méans of a valve or 
transistor we can keep the tuned circuit 
oscillating steadily. 

By the way, note that wording care- 
fully. It is always the TUNED 
CIRCUIT which oscillates, NOT the 
valve or transistor. The amplifying 
device simply keeps the tuned circuit 
going. 

Figure 6 gives the basic operation of 
a simple tuned circuit oscillator. The 
amplifying device is connected so that 
it picks up the oscillatory voltage E 
appearing across the tuned circuit, The 
output of the amplifying device is then 
connected to a FEEDBACK or “tickler” 
winding which is placed close to the 
inductor of the tuned circuit, 

The feedback winding is arranged so 
that it can magnetically induce voltages 
into L which RE-ENFORCE the voltage 
E, when fed with an amplified version 
of E by the amplifying device. In this 
way, the tuned circuit is fed with energy 
which keeps it oscillating steadily. 

The amplifying device may be a valve, 
a transistor, or anything else capable 
of doing the same job. Figure 7 shows 
simplified circuits for tuned oscillators 
using a valve and a transistor. . 

In the valve circuit, the tuned circuit 
voltage is fed to the input of the valve, 
which passes the corresponding amplified 
plate current oscillations. through the 
feedback winding to supply energy back 
to the tuned winding. 

The transistor circuit does the same 
thing in a different way. It connects the 
tuned circuit in the collector (output) 
circuit of the transistor, and uses a small 
feedback winding to supply the input 
circuit of the transistor. Thus small 
oscillatory voltages induced in the feed- 
back winding are amplified by the tran- 
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the feedback and output coupling circuits may be different from those shown. 
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sistor and fed directly to the tuned 
circuit. 

In all oscillator circuits of this type, 
the amplifying device not only supplies 
the tuned circuit with enough energy 
to overcome losses and keep it oscil- 
lating. It supplies MORE than enough, 
so that a small amount of the oscillatory 
energy of the tuned circuit can be 
picked off for external purposes—in our 
case, for amplification and supply to 
the transmitting aerial. 

This OUTPUT of the oscillator can 
be obtained in a number of different 
ways. A third winding may be used, 
magnetically coupled to the tuned and 
feedback windings, to produce an 
induced EMF, as shown in the valve 
circuit. Or a connection may be made 
directly across the tuned circuit, as 
shown in the transistor circuit. Or vari- 
ous other methods may be used, depend- 
ing on the sort of oscillator actually 
used and the amplifier circuit which is 
to be connected to the output. 


L-C CIRCUITS 


In our discussion of oscillators so far, 
we have been talking in terras of L-C 
parallel tuned circuits. However, oscil- 
lators using such tuned circuits tend to 
waver or "drift" in frequency. Only to 
a small degree, if the circuit is well 
designed, but enough to make them 
unsuitable as a source of RF carrier 
energy in a broadcast transmitter—for 
transmitters must radiate on a fixed fre- 
quency, or one would never quite know 
where to find them on the receiver dial! 

Actual radio transmitters do not use 
L-C tuned circuits in the RF oscillator, 
for this reason. They use instead a care- 
fully prepared wafer of quartz crystal, 
which has the property of resonating 
mechanically when an EMF is applied 
to opposite sides of the wafer. When it 
is made to oscillate, it does so with 
very much less frequency drift than a 
normal tuned circuit, particularly if it 
is kept at a constant temperature in a 
thermostatically controlled oven. 

The frequency of such CRYSTAL- 
CONTROLLED RF oscillators is set by 
the dimensions and preparation of the 
quartz crystal. To change the frequency, 
the crystal must either be replaced by 
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Figure 9. The block diagram of an AM transmitter. 
d and then superimposed upon the plate voltage of 
ies the strength of the RF carrier fed to the 


the final RF amplifier, which vai 


Figure 8. An RF am, 
be used. 


ifier stage using a pentode valve, Transistors may also 
If the RF oscillator uses a quartz crystal rather than an L-C tuned 


circuit, a different type of input coupling would be used. 
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Two photographs taken from the 
screen of an oscilloscope, an instru- 
ment used for visually observing 
electrical currents and EMF's. The 
upper pattern shows a high-frequency 
alternating EMF like that generated 
by an RF oscillator, while the lower 
pattern shows how the high-frequency 
coi may be modulated in ampli- 
tude by a signal of lower frequency. 
Counting the number of small cych 

per large cycle will show that in this 
case the carrier frequency is ten times 
that of the modulating signal. 


MODULATED CARRIER 


The signals from the 


aerial and radiated. 


another, or taken out and altered in 
size. 

So much, then, for the source of the 
RF carrier energy in our transmitter. 
But the output of the oscillator is 
seldom strong enough to be fed direct 
to the transmitting aerial. Usually, it 
must first be amplified by one or more 
valve or transistor stages in the RF 
amplifier, as we mentioned before. 

An RF amplifier using a pentode 
valve is shown in Figure 8. It has a 
tuned circuit in both the grid and plate 
circuits, and both tuned circuits are made 
to a multiple of the oscillator frequency, 
Other types of RF amplifier stage called 
“multipliers” have the plate circuit tuned 
to a multiple of the oscillator frequency, 
and the stage is arranged to multiply 
the frequency. This is used where the 
required carrier frequency cannot con- 
veniently be generated directly by the 
oscillator. 

For instance,  multiplier-type RF 
amplifiers must be used with crystal- 
type RF oscillators if very high carrier 
frequencies are required, as it is imprac- 
tical to make quartz crystals to oscillate 
at very high frequencies. 

Link windings couple the tuned circuit 
of the RF oscillator to the input of the 
amplifier, in this case. If the RF oscil- 
lator used a crystal rather than an L-C 
tuned circuit, one of the other types 
of coupling would be used. 


Negative bias is applied to the grid 
of the valve to ensure that it operates 
at a convenient point and amplifies effi- 
ciently. The amplified RF carrier which 
pears in the plate tuned circuit (the 
ANK” circuit) is coupled to the next 
stage—or to the aerial if this is the last 
stage—via another coupling loop. 


CARRIER STRENGTH 


We have now seen something of those 
parts of a radio transmitter responsible 
for the generation of the RF carrier 
energy. By adding a Morse key to this, 
we would have a keyed-carrier or CW 
transmitter, but let us progress a little 
further and see how the carrier may 
be varied in strength so that it can be 
used to transmit voices, music, or even 
pictures. In other words, let us see how 
continuous amplitude modulation is per- 
formed. 

The strength of the RF carrier fed 
to the aerial depends on a number of 
things, but one of these is the plate 
supply voltage of the final RF amplifier 
stage. The output is, in fact, propor- 
tional to the plate voltage, with a circuit 
like that of Fig. 8. 

Because of this, to vary the strength 
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of the RF carrier—to amplitude modu- 
late it—all that need be done is super- 
impose the audio (sound) frequency 
signals on the plate supply voltage. In 
this way the audio signals add to and 
subtract from the plate voltage, and vary 
the strength of the RF carrier in sym- 
pathy with the sound waves reaching 
the microphone. 


There are other ways of modulating 
the carrier, but they all produce the 
same effect and need not concern us 
here. The basic idea of a PLATE- 
MODULATED AM TRANSMITTER is 
shown in Figure 9. 


There is an RF oscillator and an RF 
amplifier, as with the CW transmitter, 
in order to generate the RF radiation 
energy. However, added to this section 
is the microphone, an audio amplifier 
(the MODULATOR) and a transformer 
used to superimpose the amplified audio 
frequency signals on to the plate voltage 
of the RF amplifier, 


Figure 10. The final RF amplifier 
stage in a radio transmitter has to 
handle quite a lot of power, and the 
valve or transistor used must be ar- 
ranged accordingly, The valve shown 
here is a type used in medium-power 
transmitters, and is air-cooled. In the 
higher-power transmitters large water- 
cooled valves are used. 


The audio amplifier may use either 

valves or transistors, and builds up the 
strength of the tiny voice-frequency 
voltages generated by the microphone. 
The output of the audio amplifier is 
fed to one winding of the MODULA- 
TION TRANSFORMER. 
_ The other winding of the transformer 
is connected in series with the plate 
circuit of the final RF amplifier, so that 
the amplifier receives its plate current 
through the transformer winding. In this 
way, the amplified audio voltages induced 
in this winding of the transformer add 
to or subtract from the supply voltage, 
and can vary the strength of the carrier 
fed to the aerial. 

The small waveform sketch shows 
what the modulated carrier would look 
like if we could see it. In fact, we can 
see it if we use an instrument called 


an oscilloscope, as the two photographs 
show, 
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Instead of the microphone, we can 
use a gramophone pickup. a tape 
recorder, and so on. In television trans- 
mission, we would use cameras, film 
scanning machines and picture (video) 
tape recorders instead. 

And with the description of a basic 
AM transmitter, we must end this 
chapter. Now that we are reasonably 
familiar with the nature of radio waves 
and the way in which information can 
be transmitted, we are ready to look 
at the way in which the radiated radio 
waves are used. In the next chapter, 
then. we will start at the "other end" 
of the radio system—the receiver. 
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CHAPTER 9: 


Revision of basic transmitting principles. 


The use of capacitors and inductors in various forms as receiving 
aerial systems. Tuning, or the selection of signals from the desired 
transmitter by means of a parallel tuned circuit, Demodulation or 
detection, The diode detector. The simplest radio receiver. 


Earphones and their operation. 


R the last chapter of this course, 
we described the process of radio 
transmission; how telegraph code, speech 
and music can be carried by radio waves 
over great distances, In this chapter, 
we sce what happens at the “other end." 
We find out how the radio waves are 
intercepted and the required signal select- 
ed and changed back into the informa- 
tion being transmitted, 

When we talked of radio waves in 
the last chapter, we said that they were 
waves of energy in the form of an 
Oscillating electromagnetic field. Energy 


in this form radiates from any oscillat- j 


ing electric or magnetic field. 4 

It therefore radiates to a certain 
extent from any capacitor or inductor 
in a circuit carrying alternating currents 
and EMFs, but it radiates most pro- 
fusely from devices which are specially 
designed for the purpose. These RADIA- 
TORS or AERIALS combine in various 
proportions the characteristics of a 
capacitor and an inductor, and when 
properly designed will radiate as radio 
waves most of the elgctrical energy fed 
to them. 

Now it so happens that the process 
is reversible. If capacitors, inductors or 
aerial systems combining capacitive and 
inductive elements are placed in the path 
of radio waves, energy will be extracted 
from the electromagnetic field to appear 
as induced alternating EMFs or cur- 
rents in the circuit, And, if the RF 
carrier voltage fed to the original trans- 
mitting aerial system was amplitude 
modulated, the voltages or currents 
induced at the receiving end will simi- 
larly be varying in amplitude. 

Figure 1 illustrates some of the ways 
in which energy may be extracted from 
the transmitted waves to obtain induced 
EMFs. 

A capacitor C (right) placed in the 
path of the waves interacts with the 
illating electric field" aspect of the 
electromagnetic waves, and generates an 
EMF, as shown. In a very similar 
fashion, an EMF will be generated by 
the "capacitor" formed by a suspended 
wire A and the earth beneath it. 

The latter example is the fami 
"inverted L" aerial, which often becomes 
a simple "length of wire strung around 
the picture rail" when the transmitter 
is not too far away. The connection 
to the earth side of the "capacitor" may 
not be an actual physical one, but 
may be made via intér-winding capacit- 
ance in the mains transformer and thence 
io earth via the power mains system. 

Another version (not shown) of the 
capacitor aerial is seen on cars, where 
the insulated whip forms the "suspended 
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wire" side of the capacitor and the car 
body itself forms the other side. 

If we place an inductor L 
path of the radio waves, it will 
with the “oscillating magnetic field” 
aspect of the electromagnetic waves, and 
will also produce an EMF. Examples 
of this type of receiving aerial are the 
“loop” coils used in older-style portable 
sets and the ferrite-rod aerials used in 
modern portables. 

There are many more types of receiv- 
ing aerial, such as the folded dipole 
shown in Figure 1 as D. This is used 

Is of the higher frequency 
be familiar to many as 
part of their TV antenna. The dipole 
combines capacitor and inductor action, 
in such a way that it responds mainly 
to waves of only one frequency, Aerials 
of this type are said to be RESONANT. 


In general, we can say that any 
capacitor or inductor or device which 
combines the two types of reactance will 
produce an EMF when placed in the 
path of electromagnetic waves; the more 
the capacitor or inductor is “pulled 
apart” to embrace more of the waves, 
or the higher and longer the wire in an 
“inverted L” aerial, the better, while the 
greater the area of a loop aerial coil 
the better. And soon... 

So far, we have “intercepted” the radio 
waves streaming from the transmitter 
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Figure 1: Illustrating some of the ways in which a small am 


and used an aerial to extract a small 
amount of energy from them and pro- 
duca an EMF. 

The next step is fairly obvious when 
we consider that most aerials will pro- 
duce EMFs corresponding to ALL the 
waves which stream past them. Before 
much more can be done, therefore, it is 
necessary to select the desired signal 
from the jumble. This is'usually done 
by means of a parallel tuned circuit. 

As we saw in the last chapter, a par- 
allel tuned circuit will oscillate when it 
is excited into doing so by energy arriv- 
ing as an alternating EMF corresponding. 
to. its resonant frequency. The resonant 
frequency is governed, you may remem- 
ber, by the size of the capacitor and of 
the inductor. 

It is most important that the rate of 
alternation of the incoming energy cor- 
responds to the reasonant frequency of 
the tuned circuit, to keep it oscillating. 
If it is not of the same frequency, it 
will not have a sustaining effect and the 
tuned circuit will not keep oscillating. 
It will be like trying to make a play- 
ground swing oscillate by giving it pushes 
at a rate faster or slower than that dic- 
tated by its size and weight; the energy 
will be almost completely wasted, for a 
swing will only oscillate at its natural 
frequency. 

To select a particular radio signal 
from the jumble of EMFs supplied by 
the aerial system, then, the aerial signals 
are fed to a parallel tuned circuit. The 
capacitor and inductor of the tuned cir- 
cuit are arranged to be resonant at the 
desired frequency, so that the only aerial 
EMFs which can cause it to oscillate are 
those of the signal concerned. (It is very 
unlikely that the aerial will receive sig- 
nals from two transmitters having the 
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energy in radio waves may be extracted to produce an EMF. Devices which 
do this are known as receiving aerial systems. 
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same carrier frequency, because regula- 
tions ensure that such stations are long 
distances from one another.) 

If it is desired to receive signals from 
a number of transmitting stations, the 
tuned circuit is arranged to have its 
resonant frequency adjustable over the 
band of frequencies concerned. This can 
be done by making either the capacitor 
or the inductor a variable unit. 

The control knob fitted to the variable 
component in the tuned circuit is the 
"tuning" knob familar to all who have 
operated a radio receiver. 

There are a number of ways in which 
the aerial EMFs may be fed to the tuned 
circuit. Two such methods are shown in 
Figure 2. In one case (a) the EMFs 
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Figure 2: Two ways of feeding the induced aericl-earth 


EMFs to the parallel tuned circuit. Thi 


arranged to resonate at the frequency of the desired 
signals, by which means other signals are rejected. 


appearing between the aerial and earth 
are directly connected to part of the in- 
ductor; in the other case (b) they are 
connected to the small primary winding 
which is magnetically coupled to the in- 
ductor. 

In neither case is the aerial-earth cir- 
cuit connected directly across the tuned 
circuit, Among other reasons, this is be- 
cause the aerial-earth capacitance would 
tend to upset the tuned circuit if it were 
connected directly across it. The same 
aerial “capacitor” would also tend to re- 
radiate some of the oscillatory energy as 
soon as the tuned circuit started to 
oscillate — remember, a capacitor con- ' 
nected across an alternating EMF will 
radiate! 

We have now obtained across the 
tuned circuit of our receiver a tiny rep- 
lica of the modulated RF carrier voltage 
which was fed to the transmitting aerial 
system of the station in which we are 
interested. The selective action of the 
tuned circuit has effectively discarded all 
the unwanted EMFs fed to it from the 
aerial circuit, ave only the desired 
signal. The task is now to turn this tiny 
modulated RF carrier voltage back into 
the original speech and music. 

There would be no point in feeding 
the signal from the tuned circuit direct- 
ly to an earphone or to a loudspeaker, 
because these devices would not be able 
to vibrate mechanically at radio fre- 
Santa And even if they could do so, 
the air would not transmit the 
vibrations more than a tiny fraction of 
an inch. Furthermore, we wouldn't be 
able to hear the “sound” anyway, as 
our ears. do not respond to such high 
frequencies. 

Before we can feed our signals to an 
earphone or loudspeaker for conversion 
into. sound waves, we must separate the 
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modulating information (the speech and 
music) from its “transport” — the RF 
carrier. This process is known as DE- 
MODULATION or DETECTION. 

The first of these terms is perhaps to 
be preferred, because it indicates that 
the process is the opposite of the modu- 
lation which occurs at the transmitter. 
The second term is quite commonly 
used, however, being a heritage from 
the pioneering days of radio. 

There are a number of ways in which 
an amplitude modulated RF carrier may 
be demodulated, but the simplest is the 
DIODE DETECTOR, which takes ad- 
vantage of the “on-way” conduction be- 
haviour of any one of the various types 
of diode. Thermionic diode valves, ger- 
manium or silicon 
s e m i conductor 
diodes, or even a 

TUNED "cats-whisker" wire 
*"SECONDARY"| touching a suitable 

WINDING spot on a crystal 
of galena — all 
will serve as a 
diode detector. 

Detector action 
is quite complex, 
unfortunately, even 
in the simple diode 
detector. However, 
we can form a 
simplified 
standing of 
way in which they 
work by reference 
to the waveforms 
of Figure 3. 

The waveforms 
in (a) should be 
familiar, as it is a 
replica of the modulated RF carrier 
voltage fed to the transmitting aerial 
system; it is the signal developed across 
our receiver tuned circuit. 

What the detector does is to let only 
part of this signal through, as shown in 
(b). The "one-way" action of the diode 
is used to allow only half of the RF 
oscillations to pass through — only the 
upper half-cycles of carrier, in the 
waveforms shown. 

The resistor marked “load” represents 
in simplified form the effect of an ear- 
phone or loudspeaker were it connected 
across the output of the detector. 


HALF-CYCLE PULSES 


As may be seen, the output of the 
diode detector consists of half-cycle RF 
pulses which are all of the same polarity 
and which vary in amplitude with the 
modulating information. 

Were we to feed these pulses directly 
to an earphone or loudspeaker — and 
assuming thein to be strong enough — 
we would hear faintly the original 
sound. We would hear the sound, not 
because the earphone or loudspeaker 
would te vibrating at the high frequency 
of the pulses, but because it would tend 
to regard them as “instalments” or a suc- 
cession of “little pushes,” which tend 
to displace the diay i 

In other words, it would be respond- 
ing to the AVERAGE VALUE of the 
pulses. As the pulses are modulated, 
their average effect on the diaphragm 
will be similarly modulated and thus the 
earphone or speaker would produce faint 
sounds. 


e tuned circuit is 


Before we go any further, make sure 
that you can see why an earphone or 
speaker would respond — even if faintly 
— to the waveform of Fig. 3(b), yhen 
it would not do so to the “whole” 


BY WAY OF 
ILLUSTRATION 


TRANSMITTING aerial can be 
likened to a huge tuned circuit 
surrounded, in operation, by alter- 
nating electric and magnetic 
fields. These fields may extend for 
hundreds, even thousands of miles. 
Many find this difficult to compre- 
hend, because electrical energy is so 
intangible, particularly when there are 
no wire circuits to carry it. However, 
one doesn't need to search very far 
to find illustrations of how electrical 
energy can bridge empty space. 
Everyone is familiar, for example, 
with the trick of rubbing an ebonite 
or plastic rule against dry cloth and 
seeing it attract small scraps of paper. 
A lecturer might explain the effect 
as due to the attraction between two 
bodies carrying an unlike electrical 
charge. This would be true, but for 


our present purpose, it illustrates 
graphically the fact that an electrical 
charge can exert an influence 


THROUGH SPACE, even though it 
may only be over a few inches in 
this particular case. 3 

Again, there is the familiar case 
of a permanent magnet and the way 
in which it can attract to itself small 
iron and steel objects. Just what the 
force of magnetism is puzzles even 
the scientists, but there is no denying 
its effect. 

Nor is the effect of a magnet 
measurable only in inches. Bring a 
magnet within many feet of a com- 
pass and the needle will deviate per- 
ey from its normal reading, 
depending ca m way n which the 
magnet poles happen to lie in respect 
to the earth's magnetic field. 

Of course, a permanent magnet has 
a steady undirectional field, but we 
can easily change that. If the magnet 
is rotated in the appropriate fashion, 
its field will rotate—or alternate— 
also and the compass needle will 
swing to and fro, Or we could gain 
the same effect by substituting an 
electromagnet and passing through it 
a slowly alternating current. The 
compass needle would again swing 
to and fro. 

But here is the point of the illus- 
tration: There is no tangible connec- 
lion between magnet and compass, 
just a magnetic field ACTING 
THROUGH SPACE. One could very 
rightly regard the magnet and its 
manipulations as a transmitter of 
energy and the compass needle as 
a receiver, reacting to its influence. 

And remember, it would act just 
the same if magnet and compass were 
both in a vacuum. Air is not neces- 
sary to sustain electrical phenomena. 

Now substitute for the magnet, in 
your thinking, a transmitting aerial 
which can produce a mu more 
powerful electromagnetic field, alter- 
nating or varying at a frequency 
determined by the transmitter. 

Substitute for the compass needle 
a receiver, which is much more sensi- 
tive to such variations, and you have 
the picture. The same kind of forces: 
which you can so easily demonstrate 
over a distance of inches or feet are 
shown to operate over vastly greater 
distances, given the right kind of 
apparatus. 
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ELECTRONIC DEVELOPMENTS PTY. LTD. 
KITSETS - - 


AMPLIFIERS 


INSTRUMENTS CONVERTERS RECEIVERS 


Guitar C.R.O.'s S/W AC. Transistor 

Stereo V.T.V.M.'s 50 & 144 MC/s Valve A.C. 

Monaural Millivolt Meter S/W Battery Valve Batter 
Tacho's Xtal Locked Amateur RX 


ALL COMPONENTS AVAILABLE SEPARATELY 
FOR MULLARD, E. A. & PHILIPS PROJECTS 


METALWORK—PRINTED WIRING BOARDS—SWITCHES — POTENTIOMETERS— 
VALVES — DIODES — PLUGS — SCR'S — PANELS — WINDING WIRE —BEZELS 
TRANSISTORS — SOCKETS — TERMINALS — TRANSFORMERS — CONDENSERS 
— METERS — HIGH STAB RESISTORS —INSTRUMENT CASES—VERNIERS—HEAT 
SINKS—SHEET TUBE AND ANGLE ALUMINIUM. 


WRITE OR CALL FOR QUOTES 
ON ANY COMPONENTS OR KIT 


Playmaster 113 1966 VTVM 


Mullard 3—3 103 Guitar Amplifier 110 Tape Amplifier 


ELECTRONIC DEVELOPMENTS PTY. LTD. 


Phones 63-3596 232 FLINDERS LANE Phones 63-3596 
63-5973 MELBOURNE ... . VICTORIA 63-5973 


46 BASIC RADIO COURSE 


tuned circuit output shown in (a). The 
reason is simply because the complete 


' waveform has an average effect of zero; 


there are as many negative pulses as 
there are positive. ? 

It is only by either removing one or 
the other set of half-cycle pulses, or 
by somehow "up-ending" them so that 
they add to the first set, that there is 
a net effective voltage to which the ear- 
phone or loudspeaker can respond. The 
diode detector uses the "remove one set" 
method, which is called HALF-WAVE 
detect Most detectors use this 
method, but one or two use the "up-end 
one set" method, which is known as 
FULL-WAVE detection. 

By using a diode detector to "chop 
off" one side of our tuned circuit EMF, 
we can feed the result to an earphone 
or loudspeaker with the possibility of 
being rewarded with faint sounds. Just 
how faint they will be will depend upon 
our aerial system and the distance from 
the transmitter, because these factors 
will control the strength of our aerial 
and tuned circuit EMFs. 

In some cases, we can improve the 
efficiency of this "simplest" radio re- 
ceiver by adding another capacitor. 

Figure 3 (c) shows where this addi. 
l capacitor is connected — right 
across the load. If the capacitor is 
arranged to be a suitable value, it can 
help in the pulse averaging operation 
carried out by our earphones or loud- 
speaker. It does this by charging up 
during each tiny radio frequency pulse 
and supplying its stored energy to the 
earphone or loudspeaker until the next 
pulse arrives. 


EXTRA CAPACITOR 


In other words, the added capacitor 
"smoothes" out the pulses into a direct 
voltage which varies only with the modu- 
lation. This is illustrated by the wave- 
form in Fig. 3 (c). 

The circuit above this waveform repre- 
sents what may be regarded as the 
"simplest practical radio receiver," and 
is, in fact, the basis of the "crystal" 
set which we will discuss in a moment. 
It involves no amplification of the 
received signals, but is simply a means 
whereby a small amount of energy may 
be drawn from the electromagnetic 
waves from a radio transmitter and 
turned into the sound which has been 
superimposed on it, 

In the more elaborate receivers which 
we will be discussing in following 
chapters, the signals are amplified to 
make them more powerful and better 
able to operate a loudspeaker or ear- 
phone under oor signal conditions. In 
most types of receiver, the signals are 
amplified both before and after they 
are demodulated in the detector. 

For the remainder of this chapter, 
however, let us see how a typical 
"crystal" set carries out the tasks which 
we have been discussing. Incidentally, 
the term “crystal” is still used for sets 
of this type, even though the old galena 
crystal-and-cat’s-whisker-wire detector is 
rarely ever used nowadays. As long as 
the set does not amplify the signal, 


it is usually called a “crystal set" despite 


the fact that it might use a diode valve 
or a germanium diode. 

The circuit for a simple receiver of 
this type is shown in Figure 4. As you 
can see, there is not really much differ- 
ence between this circuit and that of 
Fig. 3 (c) The earphones are shown 
connected to the output of the german- 
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Figure 3: Steps in the demodulation or 
tuned 


Figure The ei 
cuit for a ty] 
"crystal" receiver, 
using a small ger- 
manium diode as 
the detector. 
Twenty years ago, 
a ep of galena 
crystal and a wire 
“cat's - whisker” 
would have been 
used instead of 
the diode. 


ium diode, and the small smoothing 
capacitor is connected across the phones 
to ensure proper detection efficiency. 

The EMFs induced in the aerial-earth 
capacitor system by the radio waves are 
magnetically coupled to the inductor L 
of the tuned circuit as before, and the 
capacitor C is variable so that the tuned 
circuit may be adjusted to resonate at 
any frequency within the broadcast band 
(550 to 1600 Kc/s). 

A point of difference is that the de- 
tector diode connects to a tap on the 
inductor, so that the diode and earphone 
circuit are connected across only a small 
portion of the tuned circuit rather than 
right across it. 

This is done because practical ear- 
phones load the tuned circuit too much 
if they are connected in series with 


Figure 5: The construction of a 

typical earphone. When a varying or 

alternating current passes through 

the coils, the thin metal diaphragm 

is caused to vibrate and generate 
sound waves. 


detection of the modulated RF carrier 


STANDARD CRYSTAL SET 


DIODE 


prones) 


the diode across the whole inductor. 
As this prevents the tuned circuit from 
properly rejecting all the unwanted sig- 
nals — upsets its SELECTIVITY — the 
detector and earphone circuit are con- 
nected across only part of thè inductor. 

How far the detector is tipped down 
the coil depends also upon the strength 
of the ble signals, and hence upon 
the distance from the transmitter. This 
is because tapping down the inductor 
reduces the proportion of tuned circuit 
voltage fed to the detector and ear- 
phone, and reduces the loudness of the 
sound heard. 

The position of the tap is therefore 
a compromise between good sensitivity 
and good selectivity, The higher the tap 
is moved up the inductor the greater 
will be the volume, but the poorer the 
selectivity; conversely, lowering the tap 
will generally lower the volume but give 
better rejection of unwanted stations. 

There is only one component in Fi 
4 which we have not as yet said muci 
about—the earphones. Most readers will 
be aware that these somehow convert 
a varying voltage into sounds, but some 
may not be familiar with their con- 
struction or operation, It might be as 
well if we spent a few moments clari- 
fying these matters, particularly as we 
will be meeting with earphones again 
in later chapters. 

Figure 5 shows the basic construction 
of an earphone of the type used in most 
“headsets” and in many telephone hand- 
sets. The plastic or metal cap and 
housing are shown dotted as these simply 
support and protect the actual working 
arts, 

Basically the earphone consists of a 
Permanent magnet which attracts a thin 
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model A-10/P with 
in-built signal in- 
jector. 

sensitivity 30000 
ohm/volt d.c., 
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“stalloy” metal diaphragm via two soft 
iron pole-pieces. The diaphragm is 
stressed inward due to the attraction and 
thus assumes a slight concave shape 
under normal conditions. The housing 
and cap are arranged so that the dia 
phragm almost touches the tips of the 
pole-pieces, but never quite does so. 
A coil of fine wire is wound on each 
pole-piece, and the coils are connected 
in series so that when a current is passed 
through them they both have the same 
effect upon the magnetic field produced 
by the magnet. 

„When a current is passed through 
them in one direction, their magnetic 
fields add to that of the magnet and 
attract the diaphragm still further. Con- 
versely, when a current is passed through 
them in the opposite direction their mag- 
netic fields tend to cancel the magnet 
field and the attraction is reduced. 

If a varying or alternating EMF is 
applied to the coils, a correspondingly 
varying or alternating current will flow 
through them. This will cause the dia- 
phragm to move in sympathy with the 
variations or alternations the EMF, 
as its attraction will vary with the cur- 
rent variations. 

And when the diaphragm vibrates in 

sympathy with the voice—or music— 
frequency variations in the applied EMF, 
it sets up sound waves in the air. If 
the applied EMF is the output of our 
detector diode, the sound will be a re- 
production of the sounds which were 
picked up by the microphone at the 
transmitter. 
‘As we shall see in later chapters, ear- 
phones and their “big brothers” the 
loudspeakers are an important part of 
every radio receiver. Without them to 
reconvert the electrical signals back into 
sound waves, radio would scarcely be 
practical. 


g. The diode is supported by a 

small 2-lug tagstrip, and the coil 

fastened to the baseboard via two 
small aluminium brackets. 
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A TYPICAL CRYSTAL 


Readers who are following the Basic Radio Course may care to construct 


a "crystal" set to give themselves 
this month's chapt 


Crystal Set" originally published in November 1957, whi 


SET 


practical instruction supplementing 


Below are condensed details of our "Standard 


h would be 


ideal for experiment. The circuit of this receiver is given in Figure 4 


HE ^ construction 

and wiring of the 
receiver should be fair- 
ly obvious from the 
photographs and wiring 
diagram. The com- 
ponents are mounted 
on a piece of plywood 
some 6iin x Sin, to 
which is nailed a wood- 
en front panel approxi- 


of the theory article. 


Cod wound on 2 meh ameter 
30 tures 228 & 3 


‘esamencing rom he earth end. 


HEADPHONE 
tack 


4150 


mately 8in x 6in. 

Two terminals on the 
front panel are used to 
allow the aerial and 
earth lead-in wires to 
be connected easily, 
The aerial should be as 
long and as high as 
practical, and should 
preferably be a length 
of 7 x 0.022in copper 
“earth” wire, It must 

insulated from its 
supports, and this may 
be done with 88” 
type insulators -of 
plastic or porcelain. 

The earth aN be 
connected to the house 
water-pipe near where 
it leaves the ground, or if is not 
practical, it may be a connecti toa 
yard or so of galvanised pipe driven into 
fairly damp ground. Don't connect to a 
gas pipe, though, for this is frowned 
upon by the authorities. 

The tuning capacitor need not be a 
new one. A tuning gang salvaged from 
an old radio set may be pressed into 
service providing it is still working satis- 
factorily. Make sure that none of the 
moving plates touch the fixed plates, 
and connect to only one set of fixed 
plates if the unit happens to be a multi- 
section or “gang” capacitor. 

The shaft of the capacitor is taken 
through a hole in the front panel and 
fitted with a large knob, as can be 
seen in the photograph. A dial scale 
pasted on the front panel can then be 
marked with the station names, when 
the set is completed. » 


a, this 
the theory 
build up the 


coil winding details for those who would 
like to wind their own. The former may 
be of plain or waxed cardboard, or 
even of wood. To make the taps, wind 
the appropriate turns over a piece of 
match-stick. The raised wire at each 
tap can then be scraped free of enamel 
and soldered to when required. 

If desired, of course, a commercial 
coil may be used in place of the home- 
wound one. The most suitable type 
would be a high-gain transistor aerial 
coil, such as that used for our “Three 
Band Transistor Eight" receiver. Con- 
nect aerial, earth, and the two sets 
of capacitor plates to the coil exactly 
as originally intended, using the "base" 


The table in the wiring diagram gives i 


TUNING 
CAPACITOR 


T 
FRAME 
STANDARD CRYSTAL SET 


wiring diagram and the circuit shown in 
article, 


it should be a simple matter to 
receiver even if you hove never wired 
up a circuit before. 


tapping for the detector in the crysta 
set. 

The germanium diode may be- almost 
any of the common types, such as the 
0A91, 0A90, 0A85, 0A81, 0A80, 0A79, 
OAS, GEX35, GEX34 or GEX33, If 
readers have an old "cats-whisker" 
detector they could try it, but results 
generally will not be as good as with 
‘one of the modern diodes. 

For this particular application, it does 
not matter which way round the diode 
is connected into the circuit. 

The 0.001uF capacitor may or may 
not have much effect, depending upon 
the type of earphones used. Since it will 
only cost a few pence, it may as well 


be put in. 
Low im earphones are not 
suitable for this type of receiver. For 


best results, use high impedance 1000- 
4000 ohm units. Crystal earpieces are 
in general rather too insensitive, despite 
their high impedance, although th: y 
prove satisfactory in strong signal area 

The earphones are connected to a 
jackplug, which plugs into a jack 
mounted on the front panel of the set. 

There is no need for an on-off switch, 
for there is nothing to turn on and 
off. Simply connect up the aerial and 
earth, plug in the earphones, and you 
should be able to tune in to one or 
more stations, provided you are not fur- 
ther from them than about 15-20 miles. 

How many stations you will actually 
be able to receive without mutual inter- 
ference will depend on relative strengths 
at the listening site, some sites being 
much more favourable for crystal sets 
than others. 
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CHAPTER 10: ui 


Amplified crystal sets and audio 


detectors using valves and transistors. 


base-leak detection. 


tions of a crystal set. 
stages. Diode and triode 
Grid-leak and 


Reaction or regeneration. 


Two-stage receivers with transformer or resistance-capacitance 
coupling. Three-stage receivers. Power output stages. 
Overload and gain or volume control. 


AVING used the crystal receiver 
to learn some of the basic facts 
about radio reception, we are now, in a 
position to discuss simple valve’ and 
transistor receivers. The emphasis in the 
discussion will be on the operating prin- 
ciples of the various types of receiver 
rather than on their construction, but 
circuits will be provided with component 
values for the benefit of those who would 
like-to experiment. 

As we saw in the last chapter, à 
crystal set is a very useful and interest- 
ing device. It is simple to make, it costs 
nothing to operate and it demon- 
strates, in a practical way, many import- 
ant radio principles. 

For all that, however, a crystal set 
has very serious limitations, The only 
energy available to it is the radio fre- 
quency energy picked up by the aerial 
and earth system from the desired trans- 
mitter. This is selected, demodulated and 
made available to the earphones as an 
audible signal. 

As the distance between receiver and 
transmitter is increased, the energy avail- 
able becomes less and less until, at a 
distance which may be as little as 25 
miles, the signal becomes inaudible. Only 
in very exceptional circumstances are 
the signals from a crystal set ever strong 
enough to operate a loudspeaker. 

Yet another serious problem is that 
of poor selectivity, a crystal set often 
being unable to separate the wanted 
signal clearly from other strong 
signals in the receiving area. 

In the face of such limitations, it is 
not surprising that engineers, very early, 
sought to improve the performance of 
crystal receivers or, alternatively, to 
supplant them altogether. Nor is it sur- 
prising that they have been relegated, 
in this modern age, to the role of a 
“beginner's set.” 

As you have probably guessed, the 
answer was found in a device we have 
already discussed—the thermionic valve. 
If you've forgotten this earlier discussion, 
we suggest you turn back to chapter 6, 
in the January, 1964, issue. 

Strangely enough, the very first valve 
receivers Were no more ambitious in their 
performance than crystal sets—in fact, 
there were plenty of early radio opera- 
tors of the day who claimed that they 
were not as good. 

These early valve receivers were just 
like crystal sets, in fact, except that they 
used a diode rectifier in place of the 
metallic crystal detector. 

As we explained in the earlier article, 
diodes exhibit the same rectifying pro- 
perties as a crystal, being able to pass 
current only in one direction. They make 
signals audible in the phones by the 
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same process as explained last month 
for a crystal set. 

The main advantage of the valve or 
thermionic diode was that it needed no 
critical adjustment, This advantage was 
very real in a day when the surface 
of crystal diodes had to be probed with 


THERMIONIC OR 
ey DIODE 


"AUDIO" 


contro] plate current (see earlier article) 
flowing from a B-battery, The resultant , 
and larger plate current excursions, 
dependent on the grid signal, produced 
much louder signals in the phones. 

Figure 1 shows a type of receiver 
which was quite popular in its day— 
the combination of what is virtually a 
crystal or diode receiver and a triode 
amplifier stage: This type of receiver is 
often built, even nowadays, as a begin- 
ner's project. 

The incoming signal is selected by the 
tuning circuit and applied to the detector. 
This latter may be either semiconductor 
diode-or a thermionic diode, 
suppresses half the incoming carrier and 


TRIODE 
AMPLIFIER. 


(Aa TRANSFORMER 


SECONDARY 


Figure 1. A simple receiver which uses 


lated signals produced by a diode detector. 


FIL, "A" 
SUPPLY 


HIGH TENSION 
"B" SUPPLY 


BIAS "C" 
SUPPLY = 


a triode valve to amplify the demodu- 
The diode may be either a 


thermionic (valve) type or a semiconductor type. 


atswhisker" contact to discover a 


Against this, of course, the diode valve 
needed a filament battery, which was 
something of a nuisance. Hence the argu- 
ments of the day as to which was the 
better proposition. 

The development of the triode valve 
settled such arguments, because it 
brought with it the ability to amplify 
the incoming signals. Instead of being 
utilised to operate the phones directly, 
the signals were applied to the grid to 


delivers to its output circuit what we 
described, last month, as a series of 
unidirectional pulses proportional in 
strength at each instant to the modulated 
carrier. 

Instead of being passed directly 
through the phones, to produce an 
audible sound, these pulses are passed 
through the primary winding of an audio 
transformer. Perhaps we should pause 
here, to explain these terms, at least in 
rief. 


The word “audio” comes from the 


TRANSISTOR AMPLIFIER 


"p" 
, SUPPLY 


TRANSISTOR AUDIO 
TRANSFORMER 


Figure 2. The transistor counterpart of the receiver shown in Fig. 1. Here a 
transistor is used in place of the triode valve, and a steo-down audio trans- 


former used to match it to the detector circuit. 


The transistor needs only two 


batiery supplies, having no filament. 
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Latin verb “to hear" and is used in 
radio to describe any circuit or com- 
ponent which handles signals at a fre- 
quency within or adjacent to the range 
of sound frequencies. Thus an audio 
amplifier stage is one which amplifies 
signals at audio frequencies. 

By the same token, an audio trans- 
former is one which is designed to 
handle, or transfer, or couple signals at 
audio frequencies. 

The principles of transformers gener- 
ally have been discussed in an earlier 
chapter and obviously cannot be repeated 
here. An audio transformer is usually 
wound on a core made up from iron 


Figs. 3 and 4. Circuits in which the 
triode valve or transistor is made to 


pertorm both the detection and 


amplification operations. 


laminations, It normally has two wind- 
ings, and each may comprise many 
thousands of turns of fine wire. 

The input signal is fed to the winding 
normally referred to as the primary, 
while signal is taken for the following 
circuit from the secondary. 

It is possible to secure a step-up in 
signal voltage from a transformer by 
winding more turns on the secondary 
than on the primary. Old-stvle 
transformers, which often come into the 
hands of experimenters, typically have a 
step-up ratio of 1 to 3 or 1 to 5 from 
the primary winding to the total sec- 
ondary winding. 

Now back to figure 1. 

The signal currents from the diode 
detector flow through the primary wind- 
ing of the transformer. Now the trans- 
former is no more able to respond to 
individual uni-directional carrier pulses 
than the earphones referred to in the 

last chapter. 

However, the current through the pri- 
mary winding, and therefore the mag- 
netic field it produces in the core, tends 


Figure 5. By using a third winding to 
the RF present at the triode pla: 
signals in the tuned winding, the gain 
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to merge into a pattern, which follows 
the rise and fall of the incoming carrier 
with modulation. 

The changing magnetic field, due. to 
current through the primary winding, 
induces current in the secondary win 
ing and a corresponding signal voltage 
between its two ends. 

These two ends are connected respec- 
tively to the grid and filament circuit 
of a triode amplifier valve and the audi 
voltage between them therefore consti- 
tutes a grid signal controlling the flow 
of electrons through the valve from fila- 
ment to plate. 

For the reasons explained in chapter 
6, a bías voltage is normally provided 
io keep the grid slightly negative with 
respect to filament, the optimum bias 
depending on the type of valve and its 
other operating conditions. When the 
incoming signal carries the grid more 
negative than the standing bias, current 


OFF-ON 
SWITCH 


through the valve is reduced, Convers 
ly, when the signal makes the-grid | 
negative, current through the valve is in- 
creased, 

This ever-changing current, flowing 
from the High Tension or B-battery 
through the phones in sympathy with 
the grid signal, produces much more out- 
put from the phones than could the 
current pulses available from the de- 
tector. 

Figure 2 shows a receiver which is 
the transistor counterpart of that in 
Figure 1. A PNP transistor is used in 
place of the triode valve, and is sup- 
plied with base bias voltage and collect- 
or supply voltage with the polarities 
shown, The audio transformer used with 
the transistor usually has a step-down 
primary-secondary turns ratio rather 
than a step-up ratio, because as we 
saw in chapter 5 transistors have a rela- 
tively low input resistance and are cur- 
rent amplifiers rather than voltage am- 
plifiers. 

While fewer turns in the secondary 
of the transformer than in the primary 


1000r T. 


PHONES 


feed back some of 
and reinforce the 
and selectivity of 


gives a step-down voltage ratio, it actu- 
ally gives a step-up CURRENT ratio, 
and this suits the transistor perfectly. Tt 
also atches" correctly the relatively 
high-resistance detector circuit in the 
primary and the low resistance transistor 
input circuit connected to the secondary. 

A simple receiver along the lines of 
fipures 1 and 2 is capable of substanti- 
ally better performance than an ordin- 
ary crystal set. Sound volume from near- 
by stations is increased, Range is effect- 
ively improved because signals which 
might otherwise be inaudible are ampli- 
fied to listenable strength. 

Even the effective selectivity can be 
improved because amplification from the 
audio stage allows the tappings on the 
coil to be moved closer to the earthed 
end, than would otherwise be the case. 
Selectivity is improved as a result. 

Still further improvement would be 
possible by providing two or even three. 
audio stages after the crystal detector. 
In practice, however, this is seldom done 
because better overall performance can 
be obtained by following different circuit 
principles, at least for simple beginner's 
type receivers. 

What is involved, primarily, is the 
elimination of the crystal or diode de- 
tector and the substitution of a triode 
or transistor or one of the other multi- 
element valves already discussed. 

Figure 3 shows the ba circuit for a 
triode detector, Its operation must be 
considered in two distinct steps. 

Within the valve, the grid and fila- 
ment constitute what is virtually a diode 
rectifier, even though the grid is a spiral 
of wire, intended to serve another func- 
tion altogether. If the grid, at any 
instant, should become positive with 
respect to filament, electrons will flow to 
it, just as if it were a plate. The flow 
will cease immediately the grid becomes 
negative again. 


THROUGH CAPACITOR 


Now in figure 3, the input signal 
selected by the tuned circuit is fed to the 
prid through a capacitor, shown as Cg. 
This kind of notation is often used, by 
the way, to facilitate discussion of elec- 
trical circuits. "Cg" is simply an abbre- 
viation for “Capacitor, grid.” In a 
typical detector circuit, its value would 
be from about 100 to 270pF. 

Since there is no standing bias on the 
grid, it will be carried positive during 
each alternate half cycle of the input 
signal. Electrons will flow from fila- 
ment to grid, thence back to earth 


Figure 6. Regeneration feedback can similarly be applied 

to the transistor receiver to improve its gai 

tivity. Due to the lower impedance levels involved, a 
different method of feedback control is used. 


and selec- 
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through the grid return resistor Rg. This 
latter may typically have a value of 
between 270K and 2.7 megohms. 

Now whenever current flows through 
a resistor, a voltage drop must appear 
across the resistor. This much will be 
evident from our earlier study of Ohm's 
Law. Since the voltage is caused by 
electrons (or negative charges) flowing 
to the grid, the voltage at the grid will 
obviously be negative with respect to 
earth, 

This negative voltage is also present 
across the capacitor Cg, which has one 
end connected to grid and the other to 
earth, through the coil. By normal 
storage action, the capacitor therefore 
tends to acquire a charge, which is pro- 
portional to the voltage developed across 


g. 

Without going into a lot of detail, it 
should be fairly obvious that a large 
input signal to the grid will cause 
heavier bursts of grid current to flow dur- 
ing the positive half cycles. As a result, 
considerable voltage will appear across 
Rg as a charge stored by Cg. 

With a small (or weak) input signal, 
the bursts of grid current will be of a 
lesser order, there will be less current 
through Rg and a smaller voltage across 
it and across Cg. 

And here is a vital point. When the 
input signal varies in strength, with 
modulation, then obviously the voltage 
across Rg and Cg will vary in sympathy, 
increasing as the carrier amplitude rises, 
decreasing as it falls. 

In other words, across those two com- 
ponents and therefore at the grid, a 
voltage is present which is negative in 
polarity and which varies in proportion 
to carrier amplitude. Thus, in its grid 
circuit, the triode provides a complete 
detecting action, changing the modulat- 
ed RF input signal into a negative bias 
varying in sympathy with the original 
audio signal. 

This is the first half of the total action 
in the valve and involves those sections 
of figure 3 which are drawn in heavy 
outline. The second half involves the 
normal amplifying action of the triode. 
The varying negative voltage on the 
grid causes a corresponding variation in 
Plate current through the phones, pi 
ducing an amplified version of the 
nal audio signal. 

From the foregoing it will be obvious 
that operation of the detector depends 
on the presence of a grid capacitor and 
rid resistor (often called the "grid 

k”) and the absence of any initial 

Because there is no initial grid 
bias, it is usual to operate a "grid 
detector" with only a moderate plate 
voltage — 20 to 50 volts — so that it 
will not draw too much plate current 
with no input signal. 

Figure 4 shows the transistor counter- 
part of the valve circuit. Here Cb and Rb 
are the equivalents of Cg and Rg, and 
function in a very similar fashion. The 
only difference is that the base circuit 
is a much lower resistance circuit than 
the grid circuit of a valve, making it 
necessary to tap the circuit connection 
down the tuned uit. The values of 
Cb and Rb are similarly different from 
those in the valve case, typical values 
being 0.0015uF and 47K. 

The transistor circuit uses only one 
battery, you will notice, and is there- 
fore somewhat more economical than the 
valve version. As there is no filament 
circuit the “off-on” switch is placed in 
series with the collector battery. 

For all its technical interest, however, 
a grid or base detector as shown in 


52 


gain of the regenerative 


7. Adding a further stage of audio amplification can increase the 
valve set still further, givi 


louder reception 


and making it less critical in operation, Audio transformer coupling between 
the stages is shown here. 


figures 3 and 4 cannot boast any special 
order of performance. It is not markedly 
different, in fact, from the arrangement 
in figures 1 and 2 and the best that can 
be said is that it eliminates the need 
for a separate detector, the triode or 
transistor acting both as detector and 
amplifier. 

That is not the end of the story, 
however. An addition to the circuit can 
make an enormous difference to the 
whole performance. It involves the use 
of reaction or regeneration or positive 
feedback, terms which all mean much 
the same thing. 

Figure 5 shows a triode detector 
incorporating what is probably the best- 
known reaction circuit. Typical com- 
ponent values have been added for the 
sake of completeness. 

It must be emphasised that this is not 
by any means the only possible arrange- 
ment for a  one-valve receiver 
using reaction. It is a popular and typical 
arrangement but it would be possible to 


produce a quite imposing article on the 
many circuits which have been evolved 
during the last 30 or 40 years around 
regenerative detectors. 

The tuning, detection and amplifying 
action are basically the same as for 
figure 3. However, advantage is taken 
of the fact that, over and above the 
detected audio voltage, there is present 
on the grid of a detector some of the 
original RF input signal. This is ampli- 
fied and the signal at the plate contains 
the audio component, which operates the 
phones, plus an amplified RF signal. 

When reaction is employed, this 
amplified RF signal is coupled back 
into the tuning coil in such a way 
that it adds to the signal 
energy already present. This involves 
placing a reaction winding close to 
the tuned winding and so arranging 
the connections to it that the signals 
tend to add^rather than to cancel. 

Assume, for example, that there 
positive signal pulse at the grid, al 


a 


Figure 8. The only ditference between this circuit and that of Fig. 7 is that 


apacitance coupling is used between the first and second stages. 


This both improves the listening quality ond reduces the cost. 
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particular instant. This increases the 
plate current and causes a negative pulse 
at the plate. By impressing this pulse 
across the reaction winding and suitably 
arranging the connections, its phase can 
be reversed and coupled into the tuned 
winding as a positive signal. 

This augments the original signal and 
produces a far greater total effect on 
the plate current than would the 
original signal alone. 

The effect of feedback, therefore, is 
to make every positive signal excursion 
much more pronounced than it would 
normally be and every negative excur- 
sion likewise. The changes in signal level 
due to modulation are made much more 
evident and therefore the audio signal 


delivered to the phones is greatly 
increased 
The letters “RFC,” in the circuit, 


stand for "radio frequency choke." This 
component, which is usually a honey- 
comb-wound coil, is inserted between 
the plate and the phones to ensure that 
RF energy at the plate is not bypassed 
to earth by capacitance of the phone 
cords. The RF is therefore retained for 
use by the reaction circuil 

At the same time, RF energy is 
undésirable in the phone cords, because 
it can radiate into space and back into 
the aerial tuning circuit, causing the 
reaction adjustment to be upset 
by random movement of the phone cords 
Or even by the person wearing 
the phones. 

e radio frequency choke (inductor) 
is intended to prevent this trouble, its 
effect being augmented by the 100pF 
capacitor shown in the circuit. This 
bypasses any RF energy to earth which 
may still be present but it does not 
bypass the audio components, which have 
a much lower frequency than the RF 
carrier. 

Exactly the same feedback procedure 
may be performed on the transistor 
circuit, as figure 6 shows. The regenera- 
tion effect is the same and 
the performance is considerably 
improved. 

For a regenerative detector to operate 
correctly, it is most important that the 
amount of feedback be properly adjust- 
ed. If there is insufficient feedback, only 
limited benefit is obtained from the 
scheme. If there is too much feedback, 
the detector will oscillate of its own 
accord and begin to act as a generator 
of RF energy, exactly as described in 
the chapter on radio transmitters. (See 
figure 7, Chapter 8.) 

To give the necessary control over 
reaction, it is customary with valve 
circuits to connect a small variable 
capacitor in series with the reaction 
winding. When this is fully meshed, 
maximum feedback current can flow 
from plate, through the reaction wind- 
ing to earth. As the capacitor plates 
are opened, the impedance of the circuit 
rises and less feedback energy can flow 
through the coil. 

To adjust the reaction in transistor 

ircuils it is more convenient to place a 
potentiometer across the feedback wind- 
ing as shown in figure 6, because of 
the lower circuit impedances. With the 
slider of the potentiometer at the col- 
lector end no voltage is developed 
across the potentiometer and coil, while 
a controlled amount of voltage drop may 
be produced by moving the slider 
toward the other end to pass current 
through an increasing amount of the 
potentiometer and feedback coil. 


The capacitor bypassing the slider of 
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the potentiometer to earth ensures that 
all the RF energy appearing at the 
transistor collector is connected across 
the potentiometer and coil, none being 
passed through to the earphones to be 
wasted. As with the valve circuit the 
capacitor is arranged so that it bypasses 
only the RF, allowing the audio signals 
to proceed. 

In transistor circuits of this type it is 
fairly common to wire a high-value bias 
resistor (about 2.2 Megohms) between 
the base and the negative pole of the 
battery. This is shown dotted in 
Figure 6 as “R,” and is done to improve 
ihe performance by allowing the tran- 
sistor to amplify the detected signals at 
its base more efficiently. 

When the reaction control of the 
circuits in figures 5 and 6 is set so that 
the detector is just below the point of 
active oscillation, the gain and selectivity 


Figure 9. A transistor receiver which 
shown in Fig, 8 
requires three 


ifterent suppli 


Only one supply battery 
The transistor biasing system is 


earlier chapter on valves, we may say 
that it has to be provided with a plate 
voltage and grid bias to suit the parti- 
cular type of valve. 

The amplified signals appearing im its 
plate circuit are then applied to the 
phones. Because of the extra ampli- 
fication or GAIN, weak signals can be 
heard with less effort. Furthermore, 
the reaction control may not have: to 
be set so critically to obtain adequate 
sound level, making operation and ad- 
justment of the receiver that much easier. 

The use of audio inter-stage trans- 
formers was commonplace many ycars 
ago, mainly because of the step-up they 
could give in the signal voltage, This 
supplemented, very usefully, the rather 
limited gain that was available from 
early valves. 

As à component, however, audio 
transformers have always been rather 


the counterpart of the valve circuit 
required, whereas the valve circuit 
plained 


in the text. 


of the detector and its tuning circuit 
is increased enormously. Used with an 
efficient aerial and earth, a one-valve 
or one-transistor reaction set can receive 


signals under favourable conditions 
from transmitters thousands of miles 
away. 

From the foregoing description, it 


might possibly be assumed that a one- 
valve set is al] that should ever be 
necessary to receive radio signals but 
such is not the case. 

Compared with a crystal receiver, a 
one-valve set has an enormous adva 
lage in terms of sensitivity and selec- 
tivity — terms which relate to its 
ability to pick up a wanted signal and 
separate it from other signals. For all 
that, however, its performance is still 
capable of substantial improvement. 


For example, the signals heard in the 
phones from a distant station may be 
quite weak, requiring a good deal of 
concentration to follow them. The use- 
fulness of the set can be increased great- 
ly by adding an audio amplifier stage 
after the triode detector, exactly as 
already described in figures 1 and 2 for 
a crystal set. 

This gives the basic circuit shown in 
figure 7, if valves are used. 

The first valve is used as a regenera- 
tive detector but, instead of its output 
being fed directly to the phones, it is 
passed through an audio transformer and 
fed to the grid and cathode of a second 
valve, acting as an audio amplifier. 

It must amplify the signal without 
distortion and, referring back to the 


bulky and expensive, prone to break- 
down and liable to introduce distortion 
of one type or another. As a result, 
the growing tendency through the years 
has been to avoid them and to develop 
valves which are able to give adequate 
stage gain without the assistance of a 
transformer. 

Figure 8 is similar to figure 7 except 
that resistance-capacitance coupling is 
used between the detector and audio am- 
plifier stage. Some discussion relevant 
to the operation of this circuit appear- 
ed in Chapter 6 of this series, to do 
with valves, 

A resistor, normally referred to as the 
PLATE LOAD resistor, is connected be. 
tween plate and B-plus. With no input 
signal, a certain plate current flows 
through the resistor and produces a 
voltage drop across The plate, 
therefore, assumes an initial poten- 
tial with respect to earth, often equal 
to about half the B-plus supply voltage. 


The following grid is returned 
through a resistor Rg to the bias 
source. Since there is no current flow- 


ing through this resistor, there is no 
voltage drop across it and the grid has 
the same initial potential as the bias 
source, 

Between plate and grid is a COUP- 
LING CAPACITOR (Cc). Since one end 
is connected to plate (a positive point) 
and the other end to grid (a negative 
point) the capacitor will acquire an 
initial charge equal to the difference 
between the two points. 

The capacitor is always made large 
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enough in value in respect to the two 
resistors so that it cannot alter its 
charge appreciably at an audio rate. 

Now, when an audio component at 
the grid swings the plate current up 
and down, the voltage drop across the 
plate load resistor varies. As a result, 
the plate voltage itself varies at an 
audio rate, 

Since the capacitor cannot alter its 
charge at an audio rate, it simply trans- 
fers the VARIATIONS in plate voltage 
to the following grid, the variations ap- 
pearing at the grid and across the grid 
resistor as an alternating audio signal. 
The signal is then amplified by the 
second valve in the ordinary way. 

In other words, the coupling capaci- 
tor transfers the signal from plate to 
grid, but prevents the positive DC volt- 
age on the plate from cancelling or up- 
setting the negative DC bias voltage on 
the grid. 

Much more could be said about re- 
sistance-capacitance coupling, but the 
foregoing should convey the general 
principles involved, 

Just as the addition of one audio 
stage to a detector makes for a more 
sensitive and versatile receiver, so can 
further improvement be obtained by 
using two audio stages, with either trans- 
former or resistance-capacitance coup- 
ling, In point of fact, many domestic 
receivers in the early days of radio were 
designed around a detector and two 
nudio stages. 

In such a case, the amplification can 
be of such an order that the use of ^ 
speaker can be considered. rather than 
headphones. The convenience of a 
speaker is obvious but it does need to 
produce a great deal more sound out- 
put than phones, if it is to be heard 
properly, 

This raises a special difficulty. If a 
speaker has to produce a lot more 
sound output or ACOUSTIC POWER. 
it has to be supplied with a lot more 
AUDIO POWER in the form of electri- 
cal energy. 


CURRENT CHANGE 


1f we can cut a lot of corners to make 
the point clear. we can say that most 
speakers and, of course. earphones oper- 
ate by virtue of. a changing flow of 
current through their windings. There- 
fore a lot of acoustic output requiring 
a lot of audio electrical power can also 
be thought of as requiring a large change 
of current flowing through the windings. 

Now if a valve is to amplify without 
distortion. its plate current cannot swing 
beyond the limits of zero to twice the 
standing plate current. Therefore, if the 
last valve im a receiver is intended to 
draw onlv 1 milliamp of standing plate 
current, the maximum plate. current 
change it can effect through p! 
aper is plus and minus 1 milliamp— 
that is, from zero to 2 milliamps. 

Such a change might be plenty for 
phones but it certainly would not be 
erfough to produce much output from 
an ordinary speaker. To operate a 
speaker, therefore, it is necessary to use 
in the last stage of a receiver a valve 
Which can draw a higher standing plate 
current. With a signal, the plate current 
can then swing through wider limits. 

In point of fact, valve manufacturers 
have provided set designers with a whole 
variety of POWER OUTPUT or 
POWER AMPLIFIER valves, expressly 
designed for use in the final stages of 
receivers and amplifiers. They draw 
more plate current, of necessity, than 
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other comparable amplifier valves, and 
usually have a heavier filament or 
heater, to provide a more copious sup- 
ply of electrons. 

Throughout the discussion. also, we 
have assumed the use of triode valves. 
In-actual fact, tetrode or pentode valves 
are frequently used as detectors or audio 
amplifiers, often giving higher gain or 
more efficient operation particular 
circuits than comparable triodes. 

Just as further audio stages can be 
added to the one-valve reaction set, they 
can be added to a one-transistor rcaction 
set. Figure 9 shows a two-transistor set 
formed by adding an audio stage to the 
circuit of Figure 6.  Resistance-capaci- 
tance coupling is used just as in the 
valve circuit of Figure 8, the earphones 
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A certain amount of gain or volume 
control effect can be obtained by vary- 
ing the setting of the reaction control. 
The more nearly this control approaches 
the position for oscillation, the louder 
will the signals become, and vice versa. 

The big difficulty with this method is 
that the setting of the reaction control 
also affects selectivity and it may easily 
happen that a position which gives ade- 
quate signal level may not give enough 
selectivity to select the wanted from the 
unwanted signals. 

Ideally, the reaction control should 
be operable for best detector perform- 
ance, with an entirely separate control 
for gain. 

Over the years, many methods of gain 
control have been devised, including in 


TRANSISTOR CIRCUITS 


POTENTIOMETER 


—BIAS 


Figure 10. Volume or gain controls in valve and transistor circuits. It should 


that these are only two of the ways in which the gain of the 
receiver or amplifier may be controlled. Many other ways a 


possible and 


are often used. 


being replaced in the collector circuit 
of tne first transistor by a 10K resistor. 

The bias for the audio amplifier tran- 
sistor is provided by a resistor connect- 
ing the base directly to the collector, 
rather than from the base to the nega- 
tive pole of the battery. This is done 
because it gives the transistor a measure 
of protection .from a condition known 
as THERMAL RUNAWAY. There are 
other methods of providing such thermal 
stabilisation, but we shall not be able 
to discuss them here for lack of space. 

It is beyond the province of this 
chapter to discuss the many possible 
circuit arrangements of either valve or 
transistor designs, and, from the begin- 
ner’s point of view, individual designs 
have to be accepted and constructed on 
their merits. As knowledge increases, 
the general ideas conveyed by this article 
will gradually be supplemented by other 
knowledge. 

It should be mentioned also that the 
provision of high gain or amplification 
in a receiver can introduce the problem 
of OVERLOAD, The word is almost 
self-explanatory. 

On weak signals, the amplification 
available in a receiver may be just 
enough to raise their level sufficiently 
to operate the phones or loudspeaker. 

If the same amplification is applied to 
signals which are already fairly strong, 
they will be amplified so much in, say, 
the first stage that they are too great 
for the second stage to handle. As a 
result, the stage overloads and produces 
a very distorted output signal—sounding 
rough and harsh to the cars. 

To avoid this difficulty, it is often 
necessary to include in a receiver some 
means of varying the amplification. To 
use another phrase, some method of 
VOLUME CONTROL or GAIN CON- 
TROL must be included. 


valve circuits the variation in filament 
voltage with a rheostat, variation in plate 
voltage or grid bias or variation of 
screen voltage in a pentode or tetrode. 
All of these schemes are open. to criti- 
cism because, in reducing gain, they 
also limit the valve's ability to handle 
strong signals, thereby introducing dis- 
lortion in many cases. 

Nowadays, the method adopted almost 
universally in audio circuits uses a poten- 
tjometer (see chapter 1). The relevant 
circuits are shown in figure 10. 

In the valve version, instead of the 
signal voltage being applied directly from 
one plate to the following grid, it is 
coupled through a capacitor to one end 
of a potentiometer. The following grid 
connects to the moving tapping. 

When the potentiometer is set so that 
the tapping is at the end connecting to 
the coupling capacitor, all the available 
signal passes to grid. With the tapping 
right down at the other end, the grid 
receives its normal bias but NO signal. 

At intermediate positions, the grid re- 
ceives more or less of the signal for 
further amplification. Thus, moving the 
tapping by means of the control shaft 
and knob varies the volume of sound 
heard in the pbones or speaker. 

In the transistor version, the same 

eneral principle of operation holds, but 

the potentiometer is wired in the re- 
verse direction because this is found to 
a smoother control. ion 
is still the same, however, and the signal 
level is adjustable while the bias on the 
transistor remains constant, 

In designing a receiver, it is normal to 
place the control ahead of the first point 
of the circuit, which is likely to be 
overloaded. In simple receivers of the 
type which we have discussed so far, 
this would normally be between the 
detector stage and the first audio stage. 
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CHAPTER II: Limitations of simple receivers. 


The RF amplifier stage, its operation and use. 


Neutralisation and unilateralisation. 


Gain control of TRF receivers. 


The Superheterodyne principle, its operation and advantages. 
Autodyne converters and modifications to the 


basic superheterodyne recei 


r. 


HILE a beginner may concentrate 
ally on building small re- 
generative receivers of the type discussed 
in the last chapter, he must inevitably 
wonder about the design of larger re- 
ceivers. In this chapter, we explain the 
basic idea behind two well-known types 
of receiver, the “TRF” and the "super- 
heterodyne." 

In an article of feasible length. 
not possible to discuss individual circuits 
in detail—the how and why of every 
resistor and capacitor, The reader will 
have achieved something, however, if 
he can understand the general idea be- 
hind these circuits, particularly the 
superheterodyne, 

Having grasped the basic idea, it 
should be possible to enlarge upon it 
later by studying the circuit and design 
information on actual receivers which 
are described from time to time in these 


pages, 
The TRF and, later, the modern 
superheterodyne receiver, came as a 


natural development from the desire to 
produce receivers which were more sen- 
sitive, more selective and more suitable 
for use by non-technical members of an 
ordinary household, 

Their story is really a continuation of 
the story told in the last chapter about 
small receivers and it must inevitably 
read like a piece of radio history. 

As we pointed out in the last chapter. 
a receiver having a regenerative detec- 
tor followed by two audio stages is cap- 
able of receiving a great many stations, 
both on the broadcast and short-wave 
bands, 

By using a power valve or transistor 
in the final stage, such a set can operate 
a loudspeaker at good volume on the 
stronger stations and, in the early days 


AERIAL 
COIL 


Fig 
triode valve. 
dotted. 
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re 1: The circuit of an RF amplifier stage using a 
The connections for a pentode are shown 
Input and output are both tuned. 


of radio broadcasting, many domestic 
receivers were of this general type. 

For domestic use, however, such re- 
ceivers have certain basic limitations. 

In the first place, performance depends 
very largely on proper use of the re- 
action (regeneration) control, If it is too 
far advanced, the set oscillates, produc- 
ing whistles in its own loudspeaker and 
in neighbouring receivers tuned to the 
same station, 

If the reaction control is not, sufli- 
ciently advanced, perhaps to limit vol- 
ume, selectivity is likely to suffer to 
the point where two or more signals are 
heard together. 


HARD TO USE 


While this is no special problem to 
anyone who understands what the con- 
trols are for and how they are sup- 
posed to be adjusted, it did prove an 
embarrassment in the early days for 
non-technical members of the house- 
hold. Some less critical arrangement was 
obviously desirable for general use. 

Another difficulty with simple regene- 
rative sets lies in the fact that there is a 
practical limit to the amount of ampli- 
fication one can provide afer a detector. 
Thus, while one or two audio stages 
can usefully increase gain and even 
selectivity (the latter by roundabout 
means) anything more than this can 
lead to difficulty. 

Slight vibration in the detector valve, 
causing slight changes in plate current. 
can be amplified by subsequent stages 
to produce what are known as MICRO- 
PHONIC effects, Tapping the valve. or 
even normal vibration, may produce 
thumps and ringing noises from the 
loudspeaker. 

Then again, noise due to electron flow 
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1. The trai 


Figure 2: The transis 
istor requires a base bias voltage divider and 
has a slightly rearranged output cicuit. 


in the detector itself can be amplified 
to the point where it produces a con- 
tinuous background hiss, And in mains- 
operated receivers, very slight SO-cycle 
or 100-cycle voltages, coupled into the 
detector circuit from heater and power 
supply, can produce an audible hum 
from the loudspeaker. 

Last, but not least, stight variations in 
high-tension supply voltage, caused by 
plate current variations in the output 
valve, can be fed back as a spurious 
signal to the plate of the detector, If 
regenerative, this feedback can cause an 
effect called MOTOR-BOATING, evid- 
ent as a regular pop-pop-pop noise from 


he. er, 

While all these problems can be mini- 
mised by careful design, they do set u 
limit beyond which the detector-plus- 
audio idea becomes rather impractical. 

This limit was reached very early in 
the history of broadcasting, and de- 
signers had to find other means of im- 
proving the performance of their re- 
ceivers, Since additional stages could 
not be added after the detector, the 
only alternative was to add stages 


AHEAD of the detector and to amplify 
the incoming signal at its own frequency, 

Such stages were known as RADIO- 
FREQUENCY AMPLIFIER stages or 


lowing stage by a resistance- 
network or by some Kind of audio trans- 
former. 

lt will give a great deai more ampli- 
fication if coupled to the following stage 
by means of a circuit tuned to the in- 
coming signal frequency. d 

Figure | shows the essential details 
of a TUNED RF AMPLIFIER, 

The incoming signal is fed thorugh 
a tuned circuit to the grid of the RF 
amplifier valve, This first coil, connected 
to the aerial, is normally referred to as 
an AERIAL COIL, — It is connected 
directly to the grid of the valve, with- 
out any capacitor or resistor, because 
the valve is intended to operate as an 
amplifier, not as a detector, 

For the same reason, it is provided 


RF COIL 


equivalent to the circuit of Fig. 
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with the cathode (or grid) bias necessary 
A ensure operation as a class A ampli- 
ier. 
Si 


al output current from the plate 
circuit flows through the primary wind- 
ing of a second coil assembly, and is 
coupled into a tuned secondary winding, 
the two windings forming what is com- 
monly referred to as an RF COIL or 
RF TRANSFORMER, 

The two secondary windings, with 
their associated capacitors, must be cap- 
able of tuning over the entire broadcast 
band, To receive any given station, both 
tuned circuits should be set to the fre- 
quency of that station. 

Under these conditions, the signal 
from the desired station is selected and 
passed to the RF amplifier grid, in pre- 
ference to other ls which may be 
present. It is amplified by the RF am- 
plifier valve and passed throu; the 
second tuned circuit, which also favours 
the desired signal and tends to reject 
signals on other frequencies, 

on other T the - of Ere 
stage not provides am, d 
tion, but it also increases selectivity. 
This was—and is—a most important 


An RF amplifier stage employing a 
transistor is very similar to the valve 
lype, as may be seen from the circuit 
of figure 2. The differences between this 
circuit and that of figure 1 are due to 
the rather lower impedances of the tran- 
Sistor, making it necessary to tap the 
base and collector across only part of 
their zipate coils, and to reverse the 
role of the two RF coil windings, There 
iş also the need to supply the base of 
the transistor with forward bias from 
the resistive voltage divider comprising 
R1 and R2, Cb and Ce are bypass capa- 
citors, effectively earthing the lower end 
of the coil and the emitter as far as the 
radio frequency signals are concerned. 

Since an RF amplifier stage feeds into 

ircuit tuned to the signal frequency, 
the only frequency which it can 
amplify properly, Because there is no 
load resistor in the plate or collector 
circuit and no audio transformer, it can- 
not amplify or pass on signals within 
the audio range, Therefore, it is not 
nearly as susceptible as an audio stage to 
hum, hiss, microphony or motor-boating. 
This, too, is important. 

Many early receivers used one triode 
RF amplifier stage, a regenerative de- 
tector and two audio stages, There were 
the first “TRF” receivers, the letters in- 
dicating the use of a tuned radio fre- 
quency amplifier stage. 

Such receivers were generally better 
than earlier types without the RF stage. 
They had better gain and selectivity 
and therefore relied too a lesser extent 
on critical setting of the reaction con- 
trol. And because there was an amplifier 
stage between the detector and the aerial, 
the reaction setting was not affected so 
much by the type of aerial in use, 

For all that, the basic problem re- 
mained that there was still a reaction 
contro] to set, and attempts were made 
to produce receivers with two RF am- 
plifier stages ahead of the detector, but 
with no reaction. 

Here designers came up against the 
full measure of a problem which was 
mentioned in Chapter 6 of this series. 
"They found that, because plate and grid 
in a triode were side by side, there was 
considerable capacitance between them 
and energy was being fed back from 
plate to grid as a result, 

In detector or audio service it did not 
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matter a great deal, but in RF stages, 
with both grid and plate circuits tuned 
to the one frequency, the feedback tend- 
ed to cause oscillation, One low-gain 
triode RF stage was practicable (even if 
barely so) but two such stages were al- 
most unmanageable. 

A temporary answer to the problem 
was found in the so-called "Neutrodyne" 
principle, which enjoyed some popularity 
in the late twenties. The basic idea is 
shown in Figure 3(a), 

The primary winding of the RF coil 
was centre-tapped so that a signal volt- 
age appeared at the lower end similar 
to but out-of-phase with the signal volt- 
age at the plate end. A small variable 
capacitor was connected from the lower 
end of the primary 
to grid and adjusted 


to have the same 
value as the grid- 
plate capacitance of 


the value. 

Bei connected 
in this fashion, this 
so-called NEU- 
TRALISING capaci- 
tor fed back to the 
grid a signal equal 
to and out-of-phase 
with that fed back 
from the plate, so 
that the two cancel- 
led out, As a re- 
sult, the tendency to 
oscillation was over- 
come and two triode 
RF amplifier stages 
became practical. 

The early "Neu- 
trodyne" receivers 
were, therefore, a 
special type of TRF 
receiver, employing 
the principle of neu- 
tralisation, 

In point of fact, 
neutralised TRF re- 
ceivers did not en- 
joy a lengthy period 
of popularity be- 
cause valve de- 
signers came to light 
with the screen-grid 
principle. Applied 
in RF tetrodes and pentode valves, 
it almost eliminated grid-plate capaci- 
tance, and therefore, eliminated the 
major source of instability in RF stages, 

As a result, it became possible to 
achieve high figures of stage gain, and, 
further, to use two high-gain stages in 
sequence, Nor was there any great 
trouble with instability, By shielding the 
valves and coils and adopting a layout 
which kept input and output leads reas- 
onably apart, such a set could remain 
completely stable, even under full gain 
conditions, 

With such gain available and the selec- 
tivity afforded by three tuned circuits, 
reaction became unnecessary, and the 
familiar reaction control therefore large- 
ly disappeared from sets of the day, 

By carefully matching tuning coils 
and adding TRIMMER capacitors across 
each tuned circuit, designers were able 
to gang together the three tuning capaci- 
tors and operate them from a single 
tuning dial. This done, domestic re- 
ceivers became really simple to operate 
for the first time—one dial to select the 
station and one knob to control the 
volume. 

TRF receivers reached their heyday 
about 1930 and their general design fol- 


ick cance 


3: The application of neutralis: 
and transistor Ri 


lowed the pattern shown in the block 
schematic diagram of figure 4. 

Before we discuss this diagram, how- 
ever, it should be noted that the principle 
of neutralisation has been given a new 
and important application of late—in 
transistor receiver RF (and as we shall 
see, IF) amplifier stages, It has proved 
worthwhile to use neutralisation in 
many transistor tuned amplifier stages, 
because the transistor is very similar to 
the triode valve in that it has collector- 
base feedback capacitance, 

As may be seen in figure 3(b), the 
neutralisation system used with many 


transistor amplifiers is very similar to 
that used with triode valves, The only 
difference is that quite often it is possible 


WINDING. 
ARRANGED 


transistor, to give stable and improved amplification. 


to arrange that the RF transformer 
secondary winding provides a suitable 
out-of-phase voltage to which the 
neutralisation capacitor NC can be con- 
nected, This makes it unnecessary to 
add special windings or extensions to 
windings. 

In addition to capacitance, transistors 
also have a collector-base feedback 
RESISTANCE which can upset. the 
amplification of a tuned amplifier. How- 
ever, it is possible effectively to cancel 
this resistance along with the feedback 
capacitance by wiring a resistor R 
(shown dotted) of suitable value in series 
with the neutralising capacitor, This 
more elaborate form of neutralising is 
called UNILATERALISATION. As it 
often gives only a marginal improvement 
over ordinary neutralisation, unilateralis- 
ation is often not attempted in receivers, 
unless the best performance is required 
irrespective of complication. 

Let us now return to the block diagram 
of early valve TRF receivers shown in 
figure 4, 

The incoming signal was fed by the 
aerial to the first RF amplifier stage, 
then passed to the second RF amplifier 
stage and thence to the detector. This 
was followed by a single audio stage, 
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but, using a sensitive pentode valve, 
which gave high amplification as well 
as ample power output to operate a loud- 
speaker. 

Power to operate all these stages 
came, in mains receivers, anyway, from 
a power supply built on to the same 
chassis, This included a power trans- 
former, a rectifier, a filter choke of 
some description and two or more filter 
capacitors. 

The volume control in such receivers 
usually took the form of a potentio- 
meter connected at one end to the two 
RF amplifier cathodes, and at the other 


SECOND 
IRF AMP. 


Figure 4: The 
RF amplifier s 
i E 


to the aerial terminal. The adjustable 
tapping went to earth. 

With the moving arm towards the 
cathode end, the RF amplifier valves 
operated with minimum bias and maxi- 
mum gain, while the amount of resist- 
ance between aerial, and earth was too 
High to make any real difference to its 
efficiency, Adjusting the control the 
other way applied high bias to the RF. 
amplifier cathode and reduced the stage 
gain; at the same time it shunted the 
aerial to ground and therefore reduced 
the signal input. 

Tt might be thought that the cvolution 
of this standard kind of TRF receiver 
would have largely halted receiver de- 
velopment in that it provided good gain 
and selectivity with plenty of acoustic 
output and simplicity of operation. 

But it didn't. 

About the same time, many new 
stations were coming on the air, crowd- 
ing the broadcast band and ever increas- 
ing the demand for selectivity. The 
itations of the simple TRF soon be- 
came apparent, particularly for the more 
difficult reception areas. 


To add yet another RF stage or yet 
another tuning circuit gave only limited 
improvement at the cost of much greater 
complexity and with the attendant risk 
of instability. What was more there 
didn't seem to be any obvious way of 
making tuned circuits much more 
efficient. To resort again to reaction 
as an aid to selectivity was unthinkable 
10 a commercial designer. 

As a result, they began to look for 
other basic methods of receiver design. 
and the one which seemed to hold the 
greatest promise was the superheterodyne 
principle. This was not new, having 
been employed, in a limited way, for 
many years. But with new valves and 
new methods it might be capable of 
transformation from a very cumbersome 
system to something much more manage- 
able. This, indeed, proved to be the case. 

Designed around the better valves 
available, and using modern circuit tech- 
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niques, the superhet receiver quickly 
established itself in popular favour, and 
has remained in undisputed leadership 
ever since. 

But how does the superhet work? At 
this point, we can drop the semi-histori- 
cal sort of discussion and settle down to 
some straight theory. This is appropri- 
ate, because the superhet principle does 
not yet belong to history. Practically 
every modern broadcast, communication 
and television receiver uses the principle, 
including those using transistors. 

As the name suggests, the superhetero- 
dyne receiver utilises a method of hetero- 
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lock diagram of an early TRF receiver using valves and two 
The volume control alters the bias on the RF stages and 
es a variable shunt across the 


ial circuit. 


dyning or beating two signals together. 
Let's explain this. 

It has been found that, when two 
signals are fed into à non-linear cir- 
cuit, they combine to produce signal 
voltages at frequencies additional to 
and distinct from either of the 
original input frequencies, Further, 
that thcse new frequencies are equal 
to the sum and the difference of the 
original frequencies. 

Consider, for example, two frequencies 
which we shall designate as fl and f2. 


re 5: The block “diagram of a superheterodyne receivei 
s, both valve and transistorised, are of this type. The more sensitive 


quency components in the output, due to 
the presence or generation of harmonics, 
but we can afford to neglect these as be- 
ing incidental to the main effect. 

As we already know, stations on the 
broadcast band transmit on allotted fre- 
quencies between the limits of 550 and 
1,600 Kc/s. To tune and amplify them 
on a TRF receiver involves the use of a. 
ganged capacitor tuning two or three 
matched coils. 

There are difficulties in the way of 
tuning more than about three coils in 
this way, so that the performance of a 
TRF receiver is largely limited by the 
selectivity and gain which can be 
achieved with three variable tuned cir- 
cuits. 

But, in the superheterodyne, the de- 
signers utilise the heterodyne principle to 
change the frequency of any and every 
desired incoming signal to a new, pre- 
arranged and fixed frequency. This is 
passed to and amplified in a section of 
the receiver, which can employ a greater 
number of fixed tuned circuits. 


The new frequency is usually lower 
than the signal frequency but still well 
above the audio spectrum, which is per- 
haps the reason why it is commonly 
referred to as the "Intermediate" fre- 
quency — shortened to "IF." 

The particular intermediate frequency 
is selected by the designer to suit his 
requi, If high gain and extreme 
selectivity is the object, he may choose 
an intermediate frequency of about 200 
Kc/s. But, with such a low frequency. 
great care has to be exercised to avoid 
receiving the same signal at two pc'nts 
on the dial — called "two-spotting" — 
owing to unwanted heterodyne effects. 

An intermediate frequency of more 
like 2,000 Kc/s minimises double-spot- 
ting, but requires greater attention to the 
design of the tuned circuits, if gain and 
selectivity are not to be sacrified. 

A compromise figure, which is 
widely employed in this country, is 


POWER SUPPLY 
AND RECTIFIER 
(OR BATTERY) 


Most modern 


designs have an RF stage between the aerial and the mixer to improve the 
sensitivity, selectivity and noise performance. 


If fed into a non-linear amplifying stage, 
it would be possible to detect output volt- 
ages, as expected, having the origi 
frequencies fl and f2. But, in adition, 
we would find that output voltages were 
present at frequencies equal to f1-plus-f2, 
and fl-minus-f2 (assuming fl to be the 
higher numerical value). 

Taking an actual case, we may feed 
signal volfages at, say, 2,000 and 1,500 
Kilocycles into a non-linear stage. Both 
original signal frequencies would be pre- 
sent in the output, plus additional fre- 
quencies of 3,500 Kc/s (2,000 plus 1,500) 
and 500 Kc/s (2,000 minus 1,500). 

In actual fact, there may be other fre- 
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an intermediate frequency of 455 

Ke/s or thereabouts. 

Assume that a desired signal is on 
1,000 Ke/s, The first obvious require- 
ment then, is for the tuned aerial input 
circuit to be resonated to this figure. This 
is accomplished by tuning the aerial in- 
put coil with a variable capacitor, exact- 
ly as in an ordinary TRF receiver. 

The desired 1,000 Kc/s signal is then 
fed into the "mixer" or "frequency chan- 
ger" valve. In the output, remember, one 
desires a frequency equal to the selected 
intermediate frequency, which one may 
assume to be 455 Kc/s. 

Essential for the frequency change is 
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an oscillator valve, which delivers a 
locally generated signal voltage to the 
mixer stage. To obtain the desired result, 
the oscillator would be tuned to 1,455 
Kc/s — a frequency higher than the in- 
coming signal frequency by just 455 
Kc/s. 

At the output of the mixer stage, one 
would expect frequency components 
of 1,000, 1,455, 2,455 and 455 Kc/s. But 
the mixer valve plate invariably feeds 
directly into a tuned circuit, which would 
be resonated permanently at 455 Kc/s. 
This one frequency is, therefore, selected 
and passed on, while the first three men- 


ned above, together with all other 
incidental harmonic frequencies, are 
suppressed, 


If the desired signal were on 1,020 
Kc/s, then it would be necessary to in- 
crease the local oscillator frequency by 
another 20 Kc/s to ensure the output at 
455 Kc/s. 


Thus, in a simple superhet, there 
are two variable tuned circuits. One 
gives initial selection at the signal 
frequency, and the other adjusts the 
local oscillator frequency to a figure 
which differs from the signal fre- 
quency by the selected intermediate 
frequency. 

In the earliest "superhets" the aerial 
and oscillator circuits were controlled by 
separate capacitors and tuning dials, But, 
in all modern sets, the coils are accur- 
ately adjusted and the oscilator tuned 

circuit provided with a "padder" capaci- 
tance, so that they maintain the required 
frequency difference automatically. 

Alternatively, a ganged capacitor hav- 
ing specially-shaped and smaller rotor 
pistes on the oscillator section is used. 

uch a capacitor is called a "padderless" 
Bang, as the padder capacitor is no 
longer required. 

With either method, turning the one 
dial selects the desired input signal and 
maintains the required frequency differ- 
ence between the signal and oscillator 
tuning circuii 

The new intermediate frequency gen- 
erated at 455 Kc/s from the broadcast 
carrier retains the original modulation, 
so that it can be amplified and passed on 
to the detector in the usual way. 

It is here that the advantage of the 
superheterodyne principle becomes evi- 
dent. Since each selected signal is auto- 
matically transformed to a constant 
frequency (which we have assumed to be 
455 Ke/s), the IF amplifier channel may 
be provided with any desired number of 
circuits, permanently tuned to the 
selected. intermediate frequency. 

Coupling coils between valves may 
have both primary and secondary tuned, 
instead of the secondaries only, as in 
ordinary TRF practice. No variable tun- 
ing gang is necessary for this purpose, 
and the coils may be designed for com- 
pactness and efficiency, and thoroughly 
shielded for stability. 

Intermediate frequency (IF) tuning 
circuits are frequently resonated by 
means of small compression type mica 
trimmers, adjusted with a screwdriver. 
Alternative and common practice nowa- 
days is to have a fixed mica or ceramic 
tuning capacitor and to vary the induct- 
ance of the coil by a small adjustable 
iron core. 

Most ordinary superhets employ one 
stage of IF amplification, involving two 
double-tuned IF transformers — and, 
therefore, four tuned circuits. Larger sets 


| may use two IF amplifier valves or tran- 
|sistors with three IF transformers, and, 
therefore, six tuned circuits. 


| These tuned circuits in the IF channel 
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are fully effective in discriminating 
against unwanted signals, 

For example the desired signal may 
be on 1,000 Ke/s with an adjacent and 
interfering signal of 1,010 Ke/s, The 
single tuned circuit ahead of the mixer 
valve could not discriminate effectively 
against a signal only 10 Kc/s removed 
from the desired one, so that a substan- 
tial 1,010 Kc/s signal may reach the 
input of the mixer valve. 

In the output of the latter, there 
would, therefore, be the desired 
heterodyne frequency of 455 Kc/s, plus 
another heterodyne produced by the un- 
wanted carrier at 445 Kc/s. But, with 
four or more circuits to negotiate, all 
tuned to 455 Kc/s, the signal on 445 
Kc/s would have little chance of reach- 
ing the detector at troublesome level, 

Thus, even though the average 

domestic superhet uses only a two- 
gang tuning capacitor, there are 
actually five tuned circuits to dis- 
criminate against unwanted signals— 
as against two tuned circuits provided 
by a two-gang capacitor in the TRF 
arrangement. 

The double-tuned IF transformers 
provide higher gain and efficiency into 
the bargain, and their isolation from one 
another adds greatly to the flexibility of 
the individual circuits. 

Another reason for improved selec- 
tivity in the superhet is the basic fact 
that the frequency is changed to a lower 
value, As shown in the example above, 
the difference in frequency between 
the wanted and unwanted station—10 
Kc/s in this case—is retained when the 
frequency is changed. However, relative 
to 455 Kc/s, 10 Kc/s is a greater change, 
in terms of percentage, than is the same 
change relative to 1000 Kc/s. 

Thus, assuming tuned circuits of equiv- 
'Q", the one at 455 Kc/s will be 


alent “i 
better able to reject the unwanted signal 
than the one at 1000 Ke/s, It will also 
be understood why some. circuits use 
even lower frequencies, 175 Kc/s and 
even 50 Kc/s being employed where 
very high selectivity is required. 

The output from the IF amplifier stage 
ultimately feeds into a detector, which 
may be any one of several varieties, The 
output and power supply arrangements 
are exactly as for a TRF receiver. 

Figure 5 shows the sequence of stages 
in a typical superhet in block schematic 
form. The aeria| input signal is fed to 
the mixer or frequency changing stage, 
where it is mixed with a signal generated 
by the in-built oscillator. 

The resultant or intermediate fre- 
quency is then amplified in the IF stage 
and passed on to the detector, where 
the audio component is extracted, This 
is amplified in the audio stage and ap- 
plied to the loudspeaker. 

At first, the functions of mixer and 
oscillator were entirely separate, as indi- 
cated in Figure 4. 

The oscillator, generally a triode, oc- 
cupied an appropriate position on the 
chassis, with its associated components. 

In the absence of other specialised 
types, the mixer valve was a triode and 
later a tetrode or pentode, when these 
became available. 

The mixer was normally operated 
under very high bias conditions, as em- 
ployed for a detector, Hence, the mixer 
valve in these early superhets. was com- 
monly referred to as the “first detector,” 
The normal detector for demodulation 
naturally gained the title of "second- 
detector. 

In the inevitable trend to simplifica- 
tion, it was found possible to obviate the 
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separate oscillator valve, and the first de- 
lector was made simultaneously to fulfil 
the function of oscillator by connecting 
it to the oscillator tuned circuit, 

This arrangement, employing general- 
ly the 57 or 6C6 pentode, was widely 
used around 1932, Known as the "auto. 
dyne" circuit, it proved quite efficient 
and adequate until the demand for dual- 
wave sets emphasised its non-suitability 
for such receivers, 

Ultimately, the trend to superhet, cir- 
cuits, the popularity of dual-wave re- 
ceivers and adoption of automatic vol- 
ume control, led to the evolution of 
special valves for use as frequency 
changers, 

These vary a good deal in structure 
from one type to the next, but normally 
have a triode oscilator and a screen- 
grid mixer section within the one en- 
velope. For all intents and purposes, 
they are treated as a single valve. 

With the advent of transistors, the 
autodyne principle has been revived with 
the first transistor acting as both local 
oscillator and mixer. 

It is also commonplace in valve cir- 
cuits to have one or two diode elements, 
serving as detector, in the same envelope 
as the IF amplifier or audio power valve, 

Because of such economies and other 
circuit developments, it is now possible 
to make perfectly serviceable domestic 
superhet, receivers incorporating only 
four vaives in all: Frequency-changer, 
IF amplifier and detector, output valve, 
rectifier. 

Receivers intended for specialised 
communication work invariably use the 
superhet principle, because of the high 
gain and high selectivity which it offers. 

In such case, economy is of only 
secondary importance and it is com- 
monplace to use two or even three 
intermediate frequency stages, These 
can be arranged to give high overafl 
gain and the high selectivity necessary 
lo separate weak individual signals com- 
ing from distant transmitters, 

Many such receivers, in fact, use what 
is known as a "crysta] filter" in the IF 
amplifier to achieve extreme degrees of 
selectivity. The heart of the circuit is a 
quartz crystal ground to resonate mech- 
anically at the intermediate frequency. 

The provision of this and other faci- 
lities at the fixed intermediate frequency 
is something which could not reasonably 
be duplicated in any TRF design. 

At the same time, most high perform- 
ance superhet receivers do use at least 
one RF amplifier stage ahead of the 
frequency changer, 

An RF stage ahead of a superhet 
circuit makes a minor contribution to 
Bain and selectivity and also helps ex- 
clude from the frequency changer strong 
Signals at frequencies remote from 
the desired station, In special circum- 
stances such signals may cause spurious 
beats with harmonics of the local oscil- 
lator and penetrate the IF channel. 

The main advantage of an RF stage 
however, is that it has a lower inherent 
noise level than a frequency changer. 
By amplifying the incoming signal some- 
what before its frequency is changed, a 
more favourable signal-to-noise ratio can 
be obtained, 

Modern television receivers also use 
the superhet principle, The problem in 
this case is not to get extreme selectivity 
but a specific amount of  selectivity— 
no more and no less. To meet this re- 
quirement in the variabie tuned circuits 
of a TRF would be very difficult but in 
the IF channel of a superhet it can be 
provided without any special difficulty. 
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MODEL RH-50 


Modern Design, 33 Micro Amp Meter. 


30,000 Ohm: 
13,000 Ohm: 


s per Volt D.C. 
s per Volt A.C, 


1 p.c. Multipliers and Shunts used. 
Printed circuit. 


Clear Scale, 


rugged moulded case. 


SPECIFICATIONS: 


DC _ Voltages: 


1,200 V at 30,000 Ohms per volt. 


AC Voltage 
at 13,000 


DC Current: 
0-60K-6M-60M (350, 35K, 350K at 


Resistance: 
mid-scal 
Deci 


Price $31 
Postage 50c to $1 extra. 


Batteries: 1 (1.5V), 1 (15V). 
Sizes; 3 5-16" x 6 5-16" x 21" 
Weight: llb approx. 


Audio Out: 
ranges. 
Short Test: 

Accessory; 


es: 
Ohms per volt. 
0-.06-6-60-600 mA, 0-12 A. 


ibels: minus 20 to plus 57 dB (0 db equals 
1 mW. 600 ohms). 
Capacitor in series with AC volt 


Internal buzzer. 
1 pr. heavy test leads. 


0-0,3-1.2-3-12-30-120-300-600- 
0-3-12-30-120-300-600-1,200 V 


MODEL RH-5 
* High sensitivity-20,000 Ohms/V DC, 10,000 
Ohms/V AC. 
* 3in Meter. 
* Handy pocketable size. 


SPECIFICATIONS: 
DC Voltages: 0-10-50-250-500-1000 V (20,000 
Ohms/V). 
AC Voltages: 0-10-50-250-500-1000 V (10,000 
Ohms/V). 

DC Current: 0-S0uA, 0-5-50-500mA. 

Resistance: 0-10K, 0-100K, 0-1Meg, 0-10Meg. 
(62 Ohms, 620 Ohms, 62K, at centre 
scale). 

Capacitance: 0.0001uF-0.005uF, 0.0SuF-1uF, 

Decibels: minus 20db to plus 36db in 2 ranges. 

Dimensio: 3" x 5i" x 12"), 

Weight: 150z approx. 

Complete with internal battery, testing leads 
with prods. 


Now! TV Antenna that 
combines versatility 
with practical electronic 


design 


The DX "SX—1 SILVER RIB- 
BON" is absolutely phenomenal 

. the most sensitive, selective 
tuning mechanism ever devised 
for an indoor antenna. 


only $6.50 


Posted 25c extra. 
@ Rejects Noise and Ghost . 


RADIO HOUSE PTY. LTD. s 


a 


Price $18 (£9/-/-) 


Postage 50c to $1 extra. 


SCOOP PURCHASE 


6 "Transistor de luxe model Radio 
made by International. Complete 
with leather carrying bag and ear- 
phone, etc. Size 4łin x 2tin, 


$21 reduced from 
$31.50 
Plus postage and packing 75c. 


CX AMTEMMA 0 


Sharp Focus Reception 


306-308 PITT ST., SYDNEY, Also at 760 George St. and 6 Royal Arcade 
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CHAPTER 12: 


Valve equipment power supplies. Problems 


in using AC to heat valves. The indirectly heated valve and 


its use. The full-wave rectifi 


, using thermionic and 


semi-conductor diodes, Voltage doubler and half-wave rectifiers. 
Transistor equipment power supplies and the bridge rectifier. 


OR the sake of simplicity, most of 

the circuit discussion to date in t 
course has assumed the provision of s 
able filament, bias and high tension 
voltages, without much emphas.s on how 
such voltages are obtained, In this 
chapter, we explain how supply voltages 
are derived from the AC power mains in 
an ordinary domestic receiver. 

In the early days of radio, receivers 
were invariably supplied from batteries. 
It was commonplace to use either an 
accumulator for the filament supply or a 
number of heavy-duty dry cells capable 
of supplying the requisite and often con- 
siderable filament current. 

The grid bias voltages were taken 
from a special bias battery, not intended 
to deliver significant current, but with 
tappings at each cell junction to give 
voltages in 13-volt steps to 44 volts or 9 
volts—to quote what were common 
figures. 

For the high tension supply, radio “B- 
batteries” were used. These were large 
and rather expensive banks of ay cells, 
usually made up in 45-volt blocks and 
tapped at 224 volts. Two such B-batteries 
in series could supply 90 volts, while 
three in series were commonly employed 
to give 135 volts. How cumbersome and 
expensive batteries were tends to be for- 
gotten in these days of transistor 
receivers. 

While the early sets were simple 
enough from the designers’ point of view, 
the need to provide, attach, and con- 
serve batteries was a constant worry to 
radio set users and it was natural that 
efforts should be made to cut the oper- 
ating costs, at least. 

As a result, various gadgets appeared 
aimed at supplementing or replacing the 
expensive batteries. 

Numerous chargers or “trickle charg- 
ers” were put on the market for radio 
accumulators. The chargers might deliver 
currents up to 3-odd amperes and would 
top up a discharged battery in a day or 
so. Trickle chargers were designed to be 
left on more or less continuously, keep- 
ing the battery full at all times and sav- 
ing the hitherto regular trip to the local 
garage for a battery re-charge. 

So-called “B-Battery Eliminators” were 
released to replace the high-tension bat- 
teries altogether. These incorporated 
transformer, rectifier and filter system, 
rather like a modern AC power supply. 
Various resistors and tapping points were 
included so that they could supply the 
requisite intermediate voltages at the 
order of current drain commonly encoun- 
tered in battery sets of the day. 

Some B-battery eliminators also includ- 
ed auxiliary circuits to provide negative 
bias voltages, although the cost of a bias 
battery was never a major item. 
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These various units enjoyed a limited 
degree of popularity, but the obvious 
objection of | having gadgets and accumu- 
lators attached to the family radio pro- 
vided strong incentive to produce receiv- 
ers which could simply be plugged into 
the power point and operated tnerefrom 
just like any other electrical appliance. 

Initially, the main difficulty was that 
of providing filament supply. For reasons 
we shall see a little later, AC from th: 
power mains could not readily be 
changed to DC at the voltage and current 
needed to operate a number of parallel- 
connected filaments. 

There were—and still are—two basic 
objections to applying AC to valve 
filaments. 

The first and obvious one stems from 
the fact that the plate current of a 
(directly heated) valve is controlled sub- 
stantially by the voltage present between 
grid and filament, this voltage being the 
sum of: 

w The voltage along the filament it- 
self; 


Ina 


Figure 1: 
valve, 


“battery” 


potentials are 
normally reckoned 
in respect to the 


Early attempts to | SIONAL 


use directly 
heated valves with 


SOURCE 


ment involved the 
use of a centre- 
tapped filament 
circuit as in (b). 


(2) The deliberately applied negative 
bias, and 

(3) The input signal voltage. 

Consider the basic circuit shown in 
figure la. Following 'common practice, 
the negative end of the filament is 
earthed, forming the reference point 
from which other voltages applied to the 
valve are reckoned. Thus, nominally,the 
valve would be operating with a negative 

grid bias of 1.5 volts. 

In point of fact, however, this figure 
of bias only applies between the grid 
and the negative end of the filament. 
As far as the other end of the filament 
is concerned, the bias is really 44 volts, 
being the difference between minus 1.5 
and plus 3.0 volts. 

The average or.mean bias effective at 
the centre of the filament must obviously 
be the sum of the applied bias plus half 
the filament voltage — in this case a 
total of 3 volts — and the plate current 
assumes a certain value as a result. 

If the filament battery were to be 


reversed, so that the negative end of the 
filament and the positive side of the bat- 
lery were earthed, the effective bias be- 
tween grid and the earthed end of the 
filament would still be minus 1.5 volts. 
Hawever, the grid would be 1.5 volts 
POSITIVE with respect to the other end 
of the filament and the average or mean 
bias from grid to the centre of the fila- 
ment would be zero 

As a result, plate current would be 
greater than with the normal battery 
connection, 

It follows that if the effective bias and, 
with it, the plate current, changes when 
the filament battery is reversed then as- 
plication of an alternating potential to 
the filament would cause the plate cur- 
rent to vary at 50 cps. This alternating 
plate current would be heard in the out- 
put of the receiver as an intolerable 
hum, over and above the desired signal. 


The effect could be cancelled partially 
by supplying the filament from a source 
of alternating voltage with its centre tap- 
ping point earthed, as in figure Ib. In 
this way the average potential of the 
filament with resvect to ;rid would re- 
main constant and the effect of either end 
of the filament swinging negative would 
be cancelled by the other end swinging 
simultaneously positive. 

Unfortunately, the problem does not 
end with an effort to balance the fila- 
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ment circuit. During each cycle the volt- 
age applied to the filament rises to a 
peak value in one direction, falls to zero, 
swings to a peak in the opposite direction 
and then falls again to zero. 

As a result, the filament temperature 
varies in a cyclic fashion and with it, 
the supply of electrons. This tends to 
produce hum in the output quite inde- 
pendently of any interaction between 
grid bias and AC. on the filament, as 
already explained. 

Despite these very serious problems, 
the first all mains-operated receivers did 
use directly heated valves in most 
sockets. 

The valves were not ordinary battery 
types, however, tut had special low- 
vo.tage high-current filaments which 
were massive encugh to maintain a 
fairly even temperature, notwithstanding 
the AC supply. 

The designers did not rely on a centre- 
tapped transformer winding, either, but 
earthed the filament wiring through an 
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adjustable — "centre-tappinj resistor 
Which was set in each receiver to give 
the lowest possible order of hum. 

But, for all these precautions, early 
mains-operated receivers were distin- 
guished by their very high hum level. 

A satisfactory solution to the pro- 
blem only came with the introduction 
of valves having "indirectly heated” 
cathodes. Figure 2, reprinted from the 
earlier chapter on valves, illustrates the 
difference between such valves and 
earlier types having directly heated fila- 
ments. 

In the case of indirectly heated valves 
electrons are emitted from the surface 
of a metal tube, which is coated with 
suitable emissive oxide. This is com- 
monly referred to as the “cathode.” 

Inside the tube, but insulated from it 
electrically, is a “heater” element, the 
sole purpose of which is to raise the 
temperature of the cathode tube or 
sleeve to a red heat, so that it will 
emit electrons freely from its surface. 
The heater element plays no other part 
in the functioning of the valve. 

This being the case, it can be fed 
from either an AC or a DC source 
and does not affect bias or signal vol- 
tage, which is purely a matter of the 
relative voltage between the grid and 
the cathode sleeve.: What is more, the 
mass of the heater and cathode assembly 
is such that its temperature does not 
vary to any noticeable extent over the 
AC input cycle, The two major sources 
of hum are therefore obviated. 

With the development and release of 
valves having indirectly heated cathodes 
the major problem with all-mains opera- 
tion disappeared and numerous receivers 
were released using them. It was still 
necessary to produce from the mains a 
pure DC supply for the valve plates 
and screens, but, as we shall see, this 
was not— and is not—a major problem. 

Figure 3 shows a typical valve rectifier 
power supply circuit, whose operation 
we can proceed to discuss. 

The heart of the supply is the power 
transformer, which is shown diagrama- 
tically as a number of windings adjacent 
lo an iron core. 

The incoming power lead is connected 
across the PRIMARY winding, which 
will normally be rated to receive an 
input of 240 volts AC, It must be AC. 
A power transformer MUST NOT BE 
CONNECTED across DC mains. If it 
it is almost certain to blow the fuses 
or burn itself or do both! 

The reason for this is not hard to 
discover in that a transformer relies 
for its operation on a constantly chang- 
ing magnetic field. 

As the alternating current from the 
power mains flows to and fro through 
the primary winding, it causes a strong 
magnetic field in the iron core to build 
up and collapse in cyclic fashion. 

The moving lines of force thus created 
induce current and voltage in the various 
SECONDARY windings, obeying the 
laws of magnetism explained in an 
earlier chapter. 

The alternating voltage developed 
across each secondary winding is almost 
exactly proportional to the ratio of turns 
between the primary and the secondary 
winding in question. 

Thus, if there are 1,200 turns on the 
primary winding,-a secondary winding 
also having 1,200 turns would deliver 
the same 240 volts as fed into the 
primary—because the turns ratio would 
be 1: 


BASIC RADIO COURSE 


Figure 2: Illustrating the difference 

between a directly ti t (a) 

and an indirectly heated cathode (b). 

AC can be applied to the heater ii 

(b) without producing hum or othei 

wise affecting the operation of the 
valve. 


On the other hand, if a 6.3 volt wind- 
ing is required to operate a number of 
valves with 6.3 volt heaters, then this 
heater winding would need to have 
1,200 times 6.3/240, or approximately 
32 turns. 

In the above illustration we suggested 
1,200 turns for a 240-volt winding on 
the assumption that the transformer 
might be wound on the basis of five 
turns for every volt of input or output. 
This is a likely enough figure, but, in 
practical transformers, the  turns-per- 
volt figure may vary considerably from 
one type to another, according to the 
size of the core, the grade of the iron 
used and the ideas of the designer. 

The thickness of the wire used on 
each winding depends on the current 
which it has to handle or deliver. In the 
case of a heater winding, which may be 
required to deliver several amperes, rela- 
tively thick wire has to be used and it 
is commonplace to see heater windings 


Figu 3: A 
typical power 
supply circuit ui 
ing a thermionic 
(ie. valve) recti- 
fier, as used in 


most receivers and. 


It is important to realise that the 
gauge of wire used in a transformer 
winding determines only the amount of 
load current it can handle, without over- 
heating, IF REQUIRED TO DO SO. 
Thus a winding rated to deliver, say, 
three amperes, can deliver up to three 
amperes without tending to overheat, 
according to the number of valves which 
may be connected to it. If only one 
valve were connected to the particular 
winding, the current drawn from it 
would probably be less than one amp. 

Typical radio type power transformers 
may have one or two, or even three, 
heater windings, to give the amount of 
voltage and current likely to be required 
in the particular sets for which they are 
intended. 

A small transformer, intended for use 
in a four-valve mantel set, may only 
have a single heater winding rated to 
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deliver 6.3 volts at two amperes. One 
intended for use in a television receiver 
may have two or three windings to 
supply the larger number of valves 
involved. 

In the circuit of Figure 3 we have 
shown two heater (or filament) windings, 
one to supply the rectifier and the other 
to supply the heaters of all other valves 
in the receiver. The latter is marked 
“6.3V" because most valves intended for 
mains operation have a 6.3-volt heater, 

The winding is also shown as having 
a centre-tap connection, earthed to the 
chassis. This earth connection has 
nothing to do with the basic functioning 
of the associated valves since, as we 
pointed out earlier, the heaters only 
role is to raise the temperature of the 
cathode sleeve so that emission can take 
place. 

Heater wiring is usually earthed for 
two reasons: 

Firstly, the heater winding is very 
close, inside the transformer, to other 
windings producing high alternating 
voltages. Because there is some capaci- 
tance between them, some of the high 
voltage energy can be coupled capaci- 
tively to the heater winding and to the 
wiring connected to it. 

This doesn't interfere in any 
way with the basic operation of the 
heater circuit but the high ripple voltage 
present on the heater wiring throughout 
the chassis can couple into grid circuits 
and produce an objectionable hum or 
buzz in the output. 

A second reason is that wiring running 
from one stage to another throughout 
a high-gain receiver can transfer sig- 
nals by stray coupling and pro- 
duce troublesome regeneration. 

Earthing the heater wiring largely 
obviates both effects. 
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over. 
using 16-gauge enamelled wire or 
thicker. 


Although we have shown a centre-tap 
earth return, this is not strictly neces- 
sary except, perhaps, in equipment hav- 
ing very high audio gain. In many cases 
it is sufficient to earth one side only of 
the heater wiring. 

It should be emphasised that there can 
be no question of applying an alternat- 
ing potential to the plates, screens or 
grids of amplifying valves, since the al- 
ternation would be construed as a low 
frequency signal and heard in the output 
as a hum, blanketing any other signal 
which might be present. 

For these electrodes, AC from the 
mains must be rectified and filtered till 
it becomes virtually pure DC. 
This involves, normally, a high tension 
secondary winding on the power trans- 
former, a rectifier valve, a filter choke 
and two or more filter capacitors, 

As might be expected, the high ten- 
sion winding involves many turns of 
fairly fine wire, so that a considerable 
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voltage is developed between its outer 
ends. Since the voltage across it is alter- 
nating, each end swings -alternately 
positive and negative with respect to the 
other. 

In valve rectifier circuits such as that 
shown, the high tension secondary wind- 
ing has a centre-tap which is returned 
to chassis (shown as earth) so that half 
the total secondary voltage appears be- 
tween earth and the respective ends, 
When one end of the winding swings 
positive with respect to earth the other 
end simultaneously swings negative by 
an equal amount. 

As with the heater windings, the 
rating of the high tension secondary, in 
“terms of voltage and current, varies with 
the size of transformer and the receiver 
which it is to supply. A small trans- 
former, to supply a small mantel re- 
ceiver, might typically have a HT secon- 
dary rating of 150 volts either side of 
the centre tapping, at a nominal current 
rating of 30 milliamps — this figure re- 
ferring io the permissible DC load cur- 
rent. 

A large transformer, intended to sup- 
ply a large receiver, or amplifier, might 
have a voltage rating per side of up to 
400 and a nominal DC load current of 
up to 250 or even 300 milliamps. 

The two ends of the HT secondary 
winding are connected to two plates in 
a rectifier valve, as depicted. This valve 
is virtually two diode elements in the 
one envelope, the plate and filament 
structure being expressly designed to 
carry a considerable amount of current. 

A valve of this type, intended for use 
in a power supply and having two 
separate anodes or plates, is commonly 
retorred to as a FULL-WAVE RECTI- 

The filament of the rectifier is fed 
from a separate winding on the trans- 
former, which is typically rated to 
deliver five volts at two or three amp- 
eres, It is quite usual for rectifier valves 
lo consume considerable heater or fila- 
ment power, the cathode or filament 
being designed to provide copious elect- 
ron emission and thus allow the valve 
1o pass heavy current without danger of 
early failure in service, 

To follow the action of the rectifier, 
consider the instant when a positive volt- 
age has appeared on the left-hand half of 
the H.T. secondary and therefore on the 
upper rectifier plate, as drawn, 

Since the plate is positive, electrons 
will tend to flow to it from the heated 
filament. We can consider the result in 
a couple of ways, both of which lead 
to the same conclusion: 

(1) In losing electrons, which are 
essentially negative charges, the filament 
of the rectifier must itself become posi- 
tive. 

(2) When conduction takes place 
through the rectifier, the impedance of 
the filament-to-plate path in the valve 
must decrease. The filament must, there- 
fore, approach the plate potential, and, 
since this is temporarily positive, the 
filament must tend also to become posi- 
tive. 

Whichever way one cares to look 
at it, the result is the same—a positive 
potential on the plate and conduction 
through the valve produces a positive 
voltage at the filament. 

When the same plate swings negative, 
during the next half-cycle, there is no 
conduction through the valve and, there- 
fore, no tendency for the filament to 
develop a simultaneous negative poten- 
tial, 
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On the contrary, as the first plate 
swings negative, the second plate simul- 
taneously becomes positive and conduc- 
tion takes place between filament and 
this second plate. Once again, there- 
fore, the filament tends to be carried 
positive. 

In other words, during successive half 
Cycles, when each plate in turn swings 
positive, current flow through one half 
of the rectifier or the other tends to 
carry the filament positive also. Since 
there are 100 half cycles per second, 
with 50-cycle power mains, 100 positive 
pulses are apparent at the rectifier fila- 
ment per second. 

The 50-cycle alternating voltage at the 
rectifier plates is thus changed to pulsat- 


Figure 4: Most 
power supplies us- 
ing semiconductor 
rectifiers ut 
the full-wave vi 
doubling cir- 
as shown 
It suits the 
rectifiers better, 
as well as being 
more compact and 
economical. 


ing DC at the rectifier filament, positive 
with respect to chassis and having a 
heavy ripple content of 100 cycles per 
second, 

This positive voltage is generated at 
the rectifier filament quite independently 
of the five-volts AC coming from the 
transformer winding to heat the fila- 
ment. This latter voltage, applied across 
the rectifier filament, raises it to operat- 
ing temperature. When the positive volt- 
age is generated, it carries the filament 
as well as the transformer winding feed- 
ing it, to a high positive potential in 
respect to chassis. 

Obviously enough, since the rectifier 
filament winding is expected to be at 
a positive potential with respect to 
chassis, it must not be earthed. 

Instead a wire connected to one wire 
of the filament or its supply winding 
becomes the source of the positive poten- 
tial which must ultimately be fed to the 
plates and screens of the amplifying 
valves in the receiver. 

However, the plates and screens must 
be fed with substantially pure DC, not 
a voltage which has a very high ripple 
content. To get rid of the ripple, it is 
necessary to use what is known as a 
FILTER system involving, usually, a 
filler choke and a number of filter 
capacitors. These are shown in figure 3, 
but an explanation of their operation 
must wait till another issue. 

There are rectifier circuits other 
than the full-wave valve rectifier type 
shown in figure 3, and the remainder of 
this chapter will be taken up in examin- 
ing some of the more commonly-used of 
these other types. 

Readers may recall from the earlier 
chapter on semiconductors that a semi- 
conductor diode behaves almost identic- 
ally with a valve or thermionic diode. In 
view of this, it should not be very sur- 
prising to learn that semiconductor 
diodes can be used in rectifier circuits 
in place of diode valves. 

In point of fact, they are somewhat 
better suited to this task than valves, as 
they require no heating power and also 
tend to conduct more easily during the 
part of the cycle when they are called 
upon to do so. They also have a longer 


life, and are more reliable in service. At 
the present time, their only disadvantage 
is that they are more expensive than 
valves where low-power rectifiers are 
required. 

Two semiconductor diodes can be used 
in a full-wave rectifier circuit similar to 
that shown using a valve in figure 3, the 
only difference being that the diodes do 
not require a 5V filament wiring on the 
transformer, They are simply wired with 
their cathode connections tied together 
as the output connection leading to the 
filter circuit and the load circuit, and each 
anode connecting to one end of the trans- 
former HT secondary winding, 

This type of rectifier circuit is not 
often used where semiconductor diodes 
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are employed, however, because it requir- 
es the diodes to have a high PEAK IN- 
VERSE VOLTAGE RATING, The peak 
inverse voltage is the reverse-bias voltage 
which appears across each diode when it 
is "off" and the other is conducting. 

With the full-wave rectifier circuit, the 
reverse-bias impressed upon the diodes 
when they are non-conducting is actually 
2.828 times the half-secondary RMS 
alternating voltage, and this requires the 
use of costly diodes having a very high 
peak inverse voltage rating. 

Because of this, it is more usual to 
employ what is called the full-wave 
VOLTAGE DOUBLER rectifier. circuit 
whenever moderate to high voltages and 
currents must be recified by semiconduc- 
tor diodes. Figure 4 shows a circuit 
of this type. 

A single untapped secondary HT wind- 
ing is used on the power transformer, 
and the winding is arranged to produce 
an alternating voltage of only HALF 
(approx) the required DC output volt- 
age. It should be noted, in passing, that 
this makes the power transformer some- 
what simpler than in the full-wave cir- 
cuit, and consequently somewhat less 
bulky and costly to produce. 

Two semiconductor diodes are used as 
before, but this time they are connected 
in a different fashion. The first filter 
capacitor also undergoes a change, be- 
coming two separate units which fill a 
more complex role than did the single 
unit of figure 3. 

Neither end of the transformer HT 
secondary winding is earthed. Instead, 
one end goes to the junction of the two 
series-connected filler capacitors, while 
ihe other end goes to the two diodes. 
One diode has its cathode connecting 
to the winding and its anode earthed, 
while the other has its anode connect- 
ing to the winding and its cathode con- 
necting to the top of the uppermost 
filter capacitor and the DC output 
circuit. 

The operation is as follows: For the 
half-cycles when the top of the HT 
winding is negative and the bottom posi- 
tive, the "series" (upper) diode is reverse- 
biased and non-conductive. The “shunt” 
(lower) diode is forward-biased, how- 
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ever, being connected to the winding 
via the LOWER filter capacitor. 

Tt therefore conducts, and in doing 
so it charges the lower capacitor to 
the PEAK value of the alternating vol- 
lage appearing across the winding. The 
capacitor voltage is as shown, with its 
earthed end negative with respect to the 
top end. 

During the other half-cycle of the 
SILICON DIODE 
RECTIFIER, 


HT 
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WINDING: 
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AC wave, when the top of the HT 
winding is positive with respect to the 
bottom, the “shunt” diode is reverse- 
biased and non-conductive, while the 
“series” diode conducts. This time the 
upper capacitor is charged to the 
peak value of the AC secondary voltage, 
as it completes the circuit back to the 
lower end of the winding. The voltage 
across it has a polarity as shown. 

As may be seen, the two capacitor 
voltages add together, and the total pul- 
sating DC voltage available for filter- 
ing is TWICE the peak value of the 
HT winding RMS voltage. Under load 
this voltage drops toward twice the 
RMS voltage. 

The most important thing to realise 
about the voltage doubler circuit is that 
for a given and required DC output 
voltage, each diode has to deal with 
only HALF the voltage it would meet 
in a conventional full-wave circuit. Thus 
the doubler circuit allows the use of 
relatively inexpensive semiconductor 
diodes having but a moderate peak 
inverse voltage rating. 

The voltage doubler circuit is finding 
almost universal acceptance in television 
receiver power supplies and in many 
other places where high current is re- 
quired at a fairly high voltage. Silicon 
diodes are used almost universally in 
this circuit, as they are most easily 
arranged to have the required peak in- 
verse voltage and forward conduction 
current ratings. 

In power supplies where the voltage 
and current demands are very slight, it 
is possible to use a single diode valve 
or a single semiconductor diode in what 
is called a HALF-WAVE rectifier cir- 
cuit. Such a circuit using a semi-con- 
ductor diode is illustrated in figure 5. 

A single untapped HT secondary 
winding is used as with the doubler, 
but this time it needs to provide an 
RMS voltage approximately equal to the 
required DC output voltage. One end of 
the winding is earthed and the other 
connects to the first filter capacitor via 
the diode, 

The circuit is in effect half the full- 
wave circuit, and the diode only con- 
ducts on every alternate half-cycle when 
the top of the HT secondary is positive. 
The half-cycles when the winding voltage 
is reversed are not used. 

The half-wave circuit is thus rather 
inefficient, as it only uses half the energy 
available from the transformer. It is 
thus only suitable for low current recti- 
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fication and, as the diode has to have 
a peak inverse voltage rating of approxi- 
mately 2.828 times the DC output (which 
is approx, equal to the RMS voltage of 
thé H.T. secondary) it is really only 
practical for low voltages as well. 

The half-wave rectifier circuit delivers 
only one pulse of DC for each AC 
input cycle, so that its DC output ripple 
is of 50 cycles per second. This makes 


Figure 5: Where 
only very low cur- 
rent drain is in- 
volved, a  half- 
wave rectifier sys- 
tem may be em- 
ployed. If the 
voltage required is 
too high for a 
semiconductor rec- 
titier, a valve 
rectifier can 

substituted, 


filtering somewhat more difficult com- 
pared to the 100-cycle ripple produced 
by the full-wave and doubler circuits, 
as we shall see in a later chapter. 


So far in this chapter, we have thought 
mainly in terms of valve-equipment type 
mains power supplies — that is, power 
supplies required for the operation of 
valve receivers and equipment from the 
mains. Before we leave the subject of 
power supplies, however, we should 
glance at the type of power supply re- 
quired to operate transistor equipment 
from the mains. 


As we saw in an earlier chapter, tran- B 


sistors are low-voltage devices compared 


BRIDGE 


and higher current) to deliver the same 
power. 

This means that power supplies for 
transistor circuits must be rather differ- 
ent from those used to supply valve cir- 
cuits. They must be able to deliver 
fairly high current, but only at a low 
voltage. 

Figure 6 shows one type of transistor 
power supply. The power transformer has 
only one secondary winding, an untapp- 
ed low voltage winding. This is 
connected to a bridge _ rectifier 
circuit using four silicon diodes or a 
selenium "stack" (as used in battery 
charger rectifiers) and thence to a very 
high value filter capacitor and a further 
regulator and filter circuit using 
a transistor. 

The bridge rectifier is full-wave, in 
that it operates on both half-cycles of 
the AC wave. It differs from the full- 
wave circuit of figure 3 in that it does 
not require a tapped supply winding, 
and it differs from the doubler in that 
it does not supply a DC output voltage 
twice that of the RMS input voltage. 

In the bridge circuit, two diodes con- 
duct during each half-cycle. When end 
A of the transformer winding is positive, 
diodes D1 and D4 conduct, and when 
end B of the winding is positive diodes 
D2 and D3 conduct. 

The load, in whatever form it takes, 
is effectively connected between points 
X and Y. When A is positive electrons 
flow from .B, via D4, THE LOAD 
FROM Y to X, and DI to A. When 
A is negative, flow is from A, via D2, 
THE LOAD FROM Y to X, and D3 to 


"The peak reverse voltage across the 
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: Fully transistorised equipment normally needs a much low: 
voltage than valves but at much higher current. 


TRANSISTOR REGULATOR 
AND FILTER CIRCUIT 


ply 
This typical transistor 


power supply shows a bridge rectifier system, a high value filter capacitor 
and a supplementary transistorised regulator and filter circuit. 


with valves. They operate with supply 
voltages of from 3 to about 40 volts, 
whereas valves normally use consider- 
ably higher voltages. 

Where transistor circuits are required 
to deliver appreciable amounts of power 
— for example, in the case of transistor- 
ised audio amplifiers — they must 
accordingly be supplied with higher cur- 
rents than valve circuits of equivalent 
performance. This is simply because to 
deliver power, they must be supplied with 
power, and power is effectively the volt- 
age multiplied by the current. 

Valves operate at a high voltage, and 
can thus supply and can be supplied with 
power at a moderate current (high volt- 
age and low current); transistors with 
their lower voltage operation must be 
supplied with higher current (low voltage 


diodes when they are non-conductive is 
1.414 times the RMS supply voltage and 
(approx.) the DC output voltage, so that 
the bridge circuit is midway between 
the full-wave and doubler circuits in its 
demands upon the diodes regarding their 
peak inverse voltage rating. 

The low-voltage, high current 
requirement of transistor power supplies 
makes filtering the AC ripple from the 
DC output a difficult task. A very large 
first filter capacitor is required (some 
supplies use 5000 uF or higher), and as 
we have shown a transistor regulator 
and filter circuit must often be used for 
additional filtering and to maintain the 
output voltage constant under load. 

As we mentioned earlier, however, the 
subject of filtering and regulation must 
wait until a later chapter. 
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PLESSEY COMPONENTS, one of the five Plessey manufacturing groups in Australia, offers 
a complete range of electronic components and sound reproduction equipment for 

l industrial, professional and entertainment applications. | 
Wherever there is a requirement for a reliable electronic component, electrical equipment or 
a quality record changer, names such as Ducon, Rola and Garrard spring automatically | 
to mind — all.three companies are divisions of Plessey Components. 


Plessey Components Group 


i Ducon & Garrard Divisions Box 2 PO Villawood NSW Sydney 72 0133 
y Rola Division The Boulevard Richmond E1 Vic Melbourne 42 3921 
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IMPONENTS 


. Radio, Television and Industrial applications 


Some indication of the extent 
and diversity of the Plessey 
product range can be gauged 
from the abridged list 


shown above and opposite. 
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Garrard Division 
Record Changers unsurpassed for 
sound reproduction and elegant styling 
offering greater listening enjoyment 
from any selection of the wide variety 
available. 
The complete Garrard range of sound 
reproduction equipment features the 
following: Wired for stereo — all avail- 
able cartridges can be fitted. Fully- 
automatic playing of intermixed 12”, 
10”, 7” records of the same type and 
speed. Dynamically balanced motor 
ensures highest lasting performance 
with minimum wow, flutter and rumble. 
All major bearings self-lubricating for 
maximum service with least mainten- 
ance. All automatic models can be 
operated manually or automatically 
with readily accessible controls. 
Special short record spindle available 
for manual playing of single records if 
desired. Positive selection of all 
speeds. 


Rola and Ducon Divisions 

Wide range high-fidelity speakers . . . 
unsurpassed in clarity, performance, 
transient response and musical quality. 
Magnetic tape equipment for broad- 
cast use: Studio consoles, transport- 
able recorders, high speed tape 
copiers, automatic tape programming 
systems. Magnetic drum announce- 
ment equipment: Multi-channel, vari- 
able message length and short dura- 
tion announcement units, broadcast 
turntables, specialised electronic de- 
vices. Loudspeakers: Circular, ellipti- 
cal and wide range alnico and ferrite 
magnet models for all applications. TV 
components: Deflection yokes, fly- 
back and vertical output trans- 
formers. Output transformers: Isocore 
(shielded), open and encapsulated 
types, electro - mechanical sub- 
assemblies for specialised applica- 
tions. Encapsulated wound compon- 
ents: Solenoid coils and special 
assemblies. Magnet winding wire in 
gauges from 10-44 B. & S. Standard 
enamelled, special enamelled and 
fabric covered. Alnico and barium 
ferrite magnets of various shapes and 
sizes for a wide range of applications. 
Electronic components for audio and 
visual perfection reliability and 
efficiency assured by manufacturing 
experience: Ceramic dielectric capaci- 
tors, ceramic components and valve 
sockets, cold cathode, neon and num- 
ber tubes, dry reed relay inserts, elec- 
trolytic capacitors, ferrite products in- 


~ 


cluding rods, slabs, yokes and cores, 
infra-red detectors and solar cells, 
metallised ceramics, mica products, 
memory systems, mica dielectric 
capacitors, printed circuit switches and 
connectors, paper dielectric capaci- 
tors potentiometers, power rheostats, 
plastic film dielectric capacitors, pick- 
up cartridges, relays, rotary solenoids, 
resistors — carbon, wire-wound and 
metal film, switches — pushbutton 
and rotary, solid state circuits, sub- 
miniature valves, semiconductor de- 
vices, transformers and transducers, 
tantalum capacitors, connectors. 
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CHAPTER I5: 


inductors and capacitors. 
Provisions made for the supply of grid 

bias to valves. Cathode bias and back-bias. 

Valve type portable receivers and series-string filament wiring. 
Dynamic filtering and regulation using transistors. 


I5 the last chapter of this course, we 
introduced the topic of mains power 
supplies with a discussion of the various 
transformer and rectifier combinations 
used to change the mains AC into 
pulsating undirectional form. In this 
chapter we will continue the discussion 
by examining the ways in which the 
pulsating DC produced by rectifier cir- 
cuits is smoothed of its pulsations or 
ripples and thereby made suitable for 
supplying the operating potentials and 
currents of valves and transistors. 

The first and major part of the dis- 
cussion will be concerned with the type 
of filtering circuitry used in power sup- 
plies associated with valve equipment, 

ecause it is this type of power supply 
which will be met by the newcomer to 
electronics in all his initial contact with 
mains-operated equipment. „As yet, 

ins-powered transistor equipment is 
relatively rare, although transistors are 
being introduced to the field all the time. 

Before actually discussing filter cir- 
cuits at length, some additional points 
can well be made in relation to the 
power transformer and rectifier combi- 
nations discussed in the last chapter. 

In figure 3, last month, we showed a 
rectifier with its filament circuit operated 
from a separate 5-volt winding on the 
transformer. This scheme has been used 
ever since the inception of domestic all- 
mains receivers and is still widely used, 
particularly in larger receivers and 
amplifiers requiring a substantial HT 
voltage and current. 


Figure 2: Voltage wi 


necessary to produce 


Figure 1: A typical full-wave rectifier circuit, 
ed rectifier valve. Only 

needed, reducing the 
complexity and cost of the transformer. 


using an 'ctly-hi 
one heater winding 


RECTIFIER 
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forms associated 
rectification and filtering circuits. Filtering is 
smooth DC 
pulsating rectifier output. 


FILTER 
CHOKE 


II 


Power Supply Filtering using 


However, in recent years, valve manu- 
facturers have produced a number of 
rectifiers for small receivers which do 
not require a separate heater winding. 
Typical of these are the 6X5-GT, 6X4 
and.6V4, 

All these rectifiers have a 6.3-volt 
heater but an indirectly heated cathode, 
with more than the usual insulation be- 
tween them. In use, the heater is fed 
from the same heater winding as the 
other valves, the high tension point now 
being the rectifier cathode, 

The revised circuit arrangement is 
shown in figure 1. It is noteworthy that 
the rectifier heater is earthed and the 
cathode at the full high tension voltage 
—hence the need for adequate insulation 
between them within the valve. 

There are two advantages in the 
scheme, both important in small recei 
ers. In the first place, the fact that only 
one heater winding is needed simplifies 
the transformer design, making it some- 
what smaller and cheaper to produce. 
Secondly, the heat dissipation from small 
indirectly heated rectifiers is less than 
half that from the older 5-volt types, as 
less power is required to obtain ade- 
quate emission from the cathode 
material used. This simplifies the venti- 
lation problem in a small cabinet, 

One small point in figure | warrants 
special mention, namely the dotted line 
drawn between the primary winding and 
the core and shown as earthed. 

This dotted line represents a so-called 
ELECTROSTATIC shield, a thin layer 


with 


from the 


of copper shim wound over the primary 
but with its ends insulated one from the 
other, so that it will not form a shorted 
turn. lis purpose is to minimise radia- 
tion of RF energy, either noise inter- 
ference or signal, from the power mains 
into other wiring and thence into the 
signal circuits of the receiver. 

The desirability of eliminating noise 
interference from the receiver is obvious. 

Signal which enters the receiver by 
the power mains can be modulated by 
the 50-cycle supply frequency to pro- 
duce a hum which is only heard when a 
station is tuned in. The inclusion of an 
electrostatic shield in the transformer 
may or may not eliminate the effect but 


it is a worthwhile precautionary 
measure, 
As a result, transformers. normally 


include an electrostatic shield and a 
wire is provided, often a cotton-covered 
stranded lead, to allow it to te earthed. 
The shield does not always appear in 
schematic circuits but one should seek 
it out as a matter of course and connect 
the appropriate lead to chassis. 

As already explained, the input to the 
rectifier from the power transformer is 
an alternating voltage, which may be 
iiuatrates as per the diagram in figure 
a. 

After passing through the rectifier 
valve, the alternating voltage emerges 
as a series of positive-going pulses, 
shown in figure 2b, This is commonly 
described as PULSATING DC and, 
because of its nature, is quite unsuitable 
for application to the plates and screens 
of amplifying valves. The effect of 
feeding such a supply to a receiver or 
amplifier would be to produce a hum 
level differing only in degree from what 
would result with AC on the plates. 

An essential part of an AC power 
supply is therefore the filler system, 
which serves to smooth out these uni- 
directional pulses to pure DC. 

The properties of inductance 


and 


B * TO 
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capacitance are both commonly put to 
use in such filter systems. 

The inductor consists normally of e 
large number of turns of wire wound 
within laminated iron core, much like 
that used for small power or output 
transformers. Known as a FILTER 
CHOKE, it must be capable of carrying 
the amount of current involved in the 
particular supply and, with this current 
flowing, must have an inductance usually 
of several Henries. 

In some older-type receivers a filter 
choke, as such, was not used. Instead, the 
current from the power supply was pas- 
sed through a winding around the pole 
piece of the dynamic speaker. This gave 
the requisite inductive effect for filtering, 
and the magnetic field created by the 
current served at the same time to ener- 
gise the speaker's magnet system. The 
so-called “field” winding on the loud- 
speaker therefore served a double pur- 
pose, 

Earlier in the series, we learned 
that an inductor tends fo resist am 
change in the amount of CURREN 
flowing through it. 

If the current increases above average, 
part of the energy involved is diverted 
into creating a stronger magnetic field 
around the winding. If the current de- 
creases, the magnetic field is reduced and 
returns some of its energy to the wind- 
ing as current flow. 

As a result of this action, current 
flowing through a filter choke loses a 
good deal of its ripple content and be- 
comes more nearly pure DC, as shown 
in figure 2c. 

As indicated earlier, capacitance is also 
involved in a filter system, its effect being 
more or less complementary to that of 
inductance, 


A capacitor tends fo o] 
in the POTE 


change 
VOLTAGE across it. 

If the voltage rises above an average 
value, some of the energy involved is 
diverted into the capacitor as an extra 
charge. If the voltage then subsequently 
falls, the charge is released, tending to 
maintain the original potential. 

When one or more capacitors is con- 
nected between the B-plus supply line 
and earth, as in figure 1, they naturally 
tend to oppone or absorb the change 
in tential due to ripple from the 
rectifier. They charge on “peaks” and 
release energy subsequently to fill the 
“troughs.” Diagramatically, the effect 
is as illustrated in figure 2d. 


VIRTUALLY PURE DC 


Given sufficient filtering effect, the 
ripple content can be completely elimin- 
ated, for all practical purposes, and the 
output from the supply becomes virtu- 
ally pure DC. (See figure 2e.) 

Filter systems vary a good deal in 
actual detail. Over the past years, most 
receivers have used a filter system basic- 
ally like that illustrated in figure 1— 
a filter capacitor followed by a filter 
choke or a field coil, with a second 
filler capacitor on the output side sup- 
plying the load circuit. 

This is known as a Condenser Input 
or Capacitor Input filter, because the 
rectifier feeds directly into a capacitor. 
In the less common arrangement, where 
the rectifier feeds directly into an induc- 
tor, the filter is described as a Choke 
Input fiter. 

Filter capacitors normally need to 
have a large value of capacitance, cer- 
tainly not less than eight microfarads 


jose any 
AL or 
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each. To obtain this capacitance in 
small space and with adequate working 
voltage, not forgetting price either, they 
are invariably electrolytic types, as de- 
scribed earlier in the series. 

The main point to remember about 
electrolytics is that they must be 
connected the right way round, 
with their positive terminal con- 
nected to the positive side of the 
circuit. 

In recent years, much higher values of 
filler capacitance have become practical 
and, as a result, chokes having much 
lower inductances will suffice for the 
same degree of filtering. In point of 
fact, many small receivers these days do 
not use a choke at all, relying only on 
large capacitors to give an adequate 
storage and filtering effect. 

In such receivers, the output from the 
rectifier feeds directly to a large capaci- 
tor, usually about 24 microfarads and 
then to the plate circuit of the output 
valve. The ripple may not be entirely 
eliminated but, because there is no am- 
plification following the output plate, 
the ripp:e content is not sufficient to 
produce an audible hum in the speaker. 

The screen of the output valve, to- 
gether with other stages in the receiver, 
is normally fed through « resistor of 
a few hundred to a few thousand ohms, 
depending on requirements, the further 
supply point being bypassed with another 
large capacitor. 

The technique of supplying portions 
of the receiver through resistors, by- 
passed to earth at the further end, is 
commonly referred to as Decoupling. 

The size and value of the components 
used in a power supply depend very 


largely on the amount of voltage and 
current required by the receiver it needs 
to supply. 

A small set may require something 
like 150-200 volts at 30-50 milliamps. 
A medium-sized console or radiogram 
receiver may require 250-300 volts at 
80-100 milliamps. A very large receiver 
or amplifier may require 300 volts at 
100 milliamps or more, while a tele- 
vision set may require up to 300 volts 
at nearly 300 milliamps. 


POWER SUPPLY DESIGN 


"We cannot hope to study here in de- 
tail the design techniques for power sup- 
plies, but a simple explanation of the 
procedure may cast sufficient light on 
the subject for present purposes. 

The receiver designer first calculates 
the total voltage and current which will 
be required to operate the projected 
receiver. There is more to this than 
just adding up the nominal figures of 
current drain for the valves concerned. 
Depending on operating conditions, the 
valves may draw varying amounts of 
current, so that fairly careful study of 
characteristics is necessary to predict 
voltage and current accurately. 

Knowing the current and the likely 
DC resistance of the filter choke, the 
designer can work out the voltage drop 
in the filter and add this to the high 
tension requirements to obtain the volt- 
age necessary from the rectifier. 

The rectifier valve must be a type 
capable of delivering the required cur- 
rent and, by reference to manufacturers’ 
curves, the designer can ascertain the 
alternating voltage which needs to be 
applied to the rectifier plates to give the 
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required DC output voltage at the ex- 
pected current drain. 

The power transformer HT secondary 
ratings can then be nominated as so 
many volts either side of the centre tap, 
at a load current of so many milliamps. 

This, in turn, dictates the gauge of 
wire on the secondary and the likely 
bulk of the winding. Allowing for this, 
for the power load it represents and 
for the filament windings already dis- 
cussed, the size of the transformer core 
can be determined. Naturally, the greater 
the output required in volts and millia- 
D, the larger must the transformer 


If the designer elects to use, instead, 
the now-popular voltage doubler circuit 
(figure 4, July issue), it becomes a mat- 
ter of choosing suitable semiconductor 
type of rectifiers and working out the 
necessary transformer specifications. 

No reference has been made thus far 
to obtaining negative volts from an AC 


SIGNAL 
INPUT 


Figure 3: A pentode voltage amplitier 

stage, illustrating the technique of 

"cathode biasing: Resistor Rc and 

its bypass Ce produce a steady volt- 

age difference between the cathode 
and the grid. 


power supply, to meet the possible need | 


for negative grid bias in the receiver. 

In point of fact, the need for a nega- 
tive grid bias voltage is not so urgent 
in a mains-operated receiver as in a 
battery-powered set. 

The reason is simply that most, if not 
all, of the valves have indirectly heated 
cathodes and bias can be obtained very 
easily by connecting a resistor between 
cathode and earth, as shown in figure 3. 

Electron current flowing through the 
yalve from cathode to screen and plate 
has to pass through the cathode resistor 
Rc. In doing so, it creates a voltage 
drop across: the resistor, the cathode end 
becoming positive with respect to earth. 


CATHODE POSITIVE 


in amps. Alternatively, knowing the 
plate and screen current and what the 
bias voltage should be, the optimum 
valve of cathode resistor can be calcu- 
lated readily. 

Because the plate and screen current 
vary at signal frequency, the voltage 
developed across Rc varies in sympathy 
tending, as it happens, to cancel par- 
tially the effect of the signal on the 
grid. 

This is normally not desirable, and, 
to prevent it, it is usual to connect a 
capacitor shown as Cc across the bias 
resistor, sufficiently large to prevent a 
change in cathode voltage at the signal 
frequencies concerned. In other words, 
it exercises an energy storage effect. 

The method known as CATHODE 
BIAS or SELF BIAS, is widely used in 
mains-operated equipment and, if ap- 
plied to all stages, obviates the need for 
a source of negative voltage from the 
power supply. 

However, there are occasions where 
cathode bias is not convenient or where 
volves more components than might 
strictly be necessary. In such cases the 
circuit arrangements shown in figure 4 
can be adopted. 

Instead of the transformer HT centre- 
tap being returned directly to earth, as 
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the circuits previously discussed, 
is returned to earth through a resistor. 
Current flowing from the power supply 
to the external circuits has to pass 
through this resistor, and, in so doing, 
develops a voltage drop across it. 

The polarity of the current flow is 
such that the end of the resistor con- 
necting to centre tap becomes negative 
with respect to earth. The actual volt- 
age developed is calculable by Ohm's 
Law and is dependent on the value of 
the resistor and the TOTAL current 
drain from the power supply. 

Knowing the bias requirements in a 
set and the total current drain, it is a 
simple matter to calculate a value for 
the resistor Rb. If two or more bias 


Figure 4: The bias 
technique known as 
“back-bias.” A small 
resistor placed in the 
negative output of the 
power supply provi 

negative bias voltag: 


Figure 5: A diagram 
illustrating the job 
done by the final 


filter capacitor. 
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voltages are required, resistors can be 
connected in series to give the required 
total value, with appropriate tappings. 

The general circuit arrangement is 
normally referred to as a BACK-BIAS 
system. 

It should be noted that the first elec- 
trolytic filter capacitor does not return 
to earth in a back-bias system, but to 
the transformer centre-tap. There is a 
definite reason for this. If it were to 
return to, earth, the charging current 
from the rectifier into the capacitor 
would flow through the resistor Rb and 
develop across it a very high ripple 
voltage which may be injected into a 
grid circuit, to appear as hum. 

Connecting the capacitor as shown 
puts it right across the output of the 
transformer-rectifier combination and 
avoids most of the difficulty. 

Where ripple in the bias system must 
be kept to an absolute minimum, a 
capacitor may be connected across Rb 
or, alternatively, additional filtering or 
decoupling may be inserted in the lead 
carrying the bias voltage to the relevant 
grid circuits, 

One other point needs to be made 
about the final filter capacitor in an AC 
power supply system. It provides valu- 
able filtering, as already explained, but 
this is not its only role. Have a look at 
figure 5. 

It shows the plate output circuit of the 
final stage and the lead coming to it 
from the filter choke, In the presence of 
grid signal, the plate current of the out- 
put valve will vary and develop a volt- 
age across ANY impedance in the plate 
circuit, , 

Without 


the filter capacitor, shown 


FILTER 
CHOKE 


dotted, the valve would develop a volt- 
age across the output transformer and 
also across the filter choke. In other 
words, some of the energy intended for 
the loudspeaker would be wasted quite 
uselessly in energising the magnetic cir- 
cuit of the filter choke. 

What is no less serious, the signal 

voltage developed across the filter choke 
would be superimposed on the B-plus 
line feeding other valves in the receiver. 
This could lead to quite serious effects, 
notably audio oscillation, 
, With a filter capacitor in circuit hav- 
ing a large enough value, the storage 
effect is sufficient to prevent the B-plus 
line from varying its potential at the 
signal frequency, As a result, all the 
available energy from the output valve 
is concentrated into the output trans- 
former and very little of it finds its way 
to previous stages. 

In the face of the foregoing explan- 
ation of AC power supplies and the 
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need for filtering and indirect heating, 
the reader may well ask how so many 
of the battery portables, in vogue a few 
years ago, could operate from the mains, 
still using battery valves throughout. Nor 
were there any hum problems. Why 
could not the same have been achieved 
with early battery sets and early directly 
heated valves? 

The answer to this question lies in 
the fact that modern battery valves use 
filaments having a very low battery drain, 
a typical figure being 50 milliamps. 

In the portables concerned, the valve 
filaments were connected in SERIES, in- 
stead of in parallel, so that their total 
supply requirement Was something like 9 
volts at 50 milliamps, Now, 50 milli- 
amps is well within the current rating 
of an ordinary valve rectifier, and pre- 
sents no difficulty in terms of filtering, 
using standard filter chokes and capaci- 
tors, 


LIMITED PERFORMANCE 


These portables, therefore, included a 
power supply capable of delivering about 
90 volts DC — sufficient for the plate 
supply—at about 65 milliamps, repre- 
senting the total high tension and fila- 
ment current. The 90 volts was fed to 
the B-plus line, while a large dropping 
resistor reduced it to 9 volts for the fil 
ment circuit. 

Successful application of the method 
was therefore, largely due to the avail- 
ability of suitable valves coupled with 
the demand for sets capable of operating 
from both batteries and power mains. 

While undoubtedly convenient, such 
receivers were nevertheless limited in 
ultimate performance by the modest 
design of the battery valves, while re- 
liability was not as good, either, as that 
of valves having robust cathode struc- 
tures and intended for prolonged opera- 
tion from the power mains. 

The use of a series filament network 
also poses some tricky problems of cir- 
cuit arrangement, since the different 
potentials between each filament and 
earth effectively represent an initial bias 
in relation to the grid circuit. But we 
are getting into deep waters. 

In any case, valve type battery port- 
ables are now a thing of the past, hav- 
ing been superseded completely by all- 
transistor portables. For the most part, 

battery requirements of the all-tran- 
sistor portables are so modest that there 
is little incentive to arrange for alter- 
native mains operation, 


However, transistors are finding in- 
greased application in equipment other 
than portable receivers and there is an 


increasing interest in the problems of 
filtering in power supplies intended for 
use with transistorised equipment, 

As we mentioned in the last chapter, 
the low-volta; high-current require- 
ments of transistor circuitry make it 
hard to obtain adequate filtering with 

usual capacitor-inductor combina- 
lions, even when capacitors of values up 
to $000uF are used. Maintaining the 
supply output voltage constant as cur- 
rent is drawn by the load also becomes 
a problem. 

To overcome the filtering problem, a 
system of "active" or DYNAMIC filte 
ing has been evolved, using a transistor 
to give what we might think of as 
"amplified" smoothing of the power 
supply output. The transistor may also 
be arranged to improve the constancy 
of the supply output voltage as the load 
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Figure 6: The basic operation of the dj 
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mamic filter and regulator. A power 


transistor maintains a near-replica of the reference voltage across the load 
connected in series with its emitter, and con be used as either a filter or a 


regulator, 


draws current—in other words, 
REGULATE the output voltage. 


Transistor filtering and regulation 
ies upon the fact that the transistor 
is a current amplifier. It is capable 
of controlling large currents when sup- 
plied with small input or "bias" cur. 
rents, as we saw in chapter seven of 
this course, 

The general principle of transistor fil- 
tering and regulation is that the transis- 
tor is made to control the relatively 
large current drawn by the load circuit 
by supplying its control electrode — 
the base—with a smoothed and/or regu- 
lated source of bias current. As this 
REFERENCE source is required to 
supply only the small control current of 
the transister, it is a relatively easy 
matter to provide it with filtering and 
regulation. 

Figure 6 may help in understanding 
the principles involved. A PNP power 
transistor is connected in series with the 
power supply and the load, so that the 
load current has to flow through the 
collector-emitter circuit of the transistor, 

Because the load is in the emitter 
lead of the transistor, any load current 
which flows sets up a voltage drop and 
tends to make the emitter negative with. 
respect to the base; the load is virtually 
a "cathode bias” resistor. In other 
words, load voltage tends to CANCEL 
the forward-biasing effect of the refer- 
ence source (represented by E1), 


FORWARD BIASED 


You don’t see why? Well, to be 
forward biased, the transistor has to have 
its base negative with respect to its emit- 
ter—or looking at it the other way 
around, its emitter positive with respect 
to its base. The reference source, be- 
cause it aims at making the base nega- 
tive with respect to the rest of the circuit, 
thus encourages the transistor to conduct, 
but any voltage developed across the 
load tends to cancel the efforts of El 
by making the emitter negative as well. 
The base-emitter forward bias is thus 
reduced, 

We thus have a rather interesting 
state of affairs. The reference source, 
represented by El, provides a forward 
bias for the transistor, This allows the 
transistor to conduct and collector- 
emitter current flows—through the load. 
But this produces a voltage drop across 
the load, which tends to cancel the for- 


to 


or both, 


ward bias and STOP the transistor from 
conducting. 

Obviously, the transistor can't conduct 
to a degree where the load voltage drop 


equals the reference source voltage, for 
if it did, it would have no forward 


bias! What it does do is adjust its 
conduction so that the load current 
which flows produces a load voltage 


which is smaller than El by a volt; 
just able to produce a base-emitter bias 
current corresponding to the load cur- 
rent, 


TO EQUILIBRIUM 


Sound like a vicious circle? It is, 
in the sense that the circuit just can't 
help but adjust itself to this position 
of equilibrium, The load current can't 
fall below the correct figure, or the 
load voltage will fall and the transistor 
will receive more forward bias, to make 
it conduct more; conversely, if the cur- 
rent exceeds the correct figure, the load 
voltage will rise and tend to cut off 
the transistor and reduce the current. 

For any value of El, the transistor 
will adjust the load current so that the 
load voltage stays at a certain critical 
value below E1. If we keep E1 constant 
and alter the load resistance, it 
adjust the current to maintain this cri 
cal voltage. Keeping the load resistance 
constant and altering the reference volt- 
age will result in the transistor adjusting 
the load current up and down, to make 
the. AA voltage "follow" the variations 
in El. 

The higher the gain of the transistor, 
the smaller the bias voltage which it 
will require for any given load current. 
And since the transistor bias voltage 
is the difference between El and the 
load voltage, this means that for a very 
high gain transistor the equilibrium Joad 
voltage will be only slightly smalier than 

, A "perfect" transistor with infinite 
gain would result in the two voltages 
always being equal as it wouldn't re- 
quire any forward bias. 

Because the transistor in this connec- 
tion causes the load voltage to "follow" 
the reference voltage, the connection is 
commonly called the "emitter follower" 
mode, 

The feature of the emitter follower 
mode of connection which is of par- 
ticular importance from the viewpoint of 
dynamic filtering and regulation, is that 
the load voltage is more or less inde- 
pendent of the transistor collector volt- 
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age. As long as there is sufficient col- 
lector supply voltage to supply the re- 
quirements of the transistor and load, 
any pulsations or variations present in 
the collector supply voltage have no ef- 
fect upon the load current and voltage, 

If the collector supply voltage rises, 
for instance, any tendency for the load 
current and voltage to rise results in a 
decrease in the bias of the transistor and 
its conduction is reduced to restore the 
current to its correct value. Similarly, 
if the collector voltage falls, any ten- 
dency for the load current and voltage 
to fall results in an increase in transistor 
bias and a consequent increase in tran- 
sistor conduction to restore the load cur- 
rent value, 

Obviously, the transistor acts like a 
filtering and regulation circuit, which 
prevents variations or pulsations in the 
rectifier output voltage from reaching the 
load. Providing the transistor is kept 
operating within its limits and the supply 
Voltage remains sufficient to supply the 
needs of the transistor and the load, the 
only thing which controls the load volt- 
age is the reference source. 

Batteries can be used as reference 
voltage sources, as shown in figure 6 
but, in fact, they are rarely employed. 
It is more usual to arrange for the re- 
ference source to be supplied from the 
rectifier output, via suitable filtering and/ 
or regulation circuits. These may often 
be rather simple circuits, as they handle 
only the small bias current of the tran- 
sistor, 

Figure 7 (a) shows the basic circuit 
for the transistor dynamic filter, The 
reference voltage is derived from the pul- 
sating rectifier output via the appropriate 
series resistor R and is smoothed of 
ripple by the capacitor C. The tran- 
sistor then acts to approximate this 
fscothed reference voltage across the 
load. 


CAPACITANCE "AMPLIFIED" 


Often this filtering action is pictured 
by considering the transistor to have 
"amplified" the filter capacitor C to a 
value given by the product of C and 
the transistor current gain. Thus, it is 
said to act as a "filter capacitance multi- 
plier.” 

For example, if C has a value of 
500uF and the transistor has a gain of 
100, the effective filtering is considered 
to be equivalent to a capacitor of 
rei shunted directly across the 
load, 

While this comparison is fairly accur- 
ate as far as the filtering is concerned, 
it is not accurate as far as the source 
impedance seen by the load is concerned, 
This point is a little too involved for 
Our purposes at present, but it should 
be remembered that the concept of 
capacitance multiplication" is rather lim- 
ited in its application. 

Figure 7 (b) shows the basic circuit 
for a transistor load voltage regulator. 
Again the reference voltage is derived 
from the pulsating rectifier output, but 
diode is connected 
base to the positive 


from the transistor 
side of the supply. 

The zener diode is a special sort of 
semi-conductor diode which can be ar- 
ranged to have a constant voltage drop 
over a wide range in current. Thus, it 
Tepresents a constant reference voltage 
for the transistor and the transistor, ac- 
cordingly, acts to keep the. load voltage 
similarly constant. The output voltage 
in 6 (b) is not particularly free from 
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PNP POWER TRANSISTOR 


(a) FILTERING ONLY 


FROM 
RECTIFIER 


$ 


FROM 
RECTIFIER _] 


$ 
Fig, 7 le) FILTERING AND REGULATION 


Figure 7: In more detail, the types of 
circuit used for dynamic filtering, 
regulation, and a combination of the 


two. 
ripple but is fairly constant, despite 
changes in load current and rectifier 


output voltage. 


If both regulation and filtering are 
desired, as they often are in practice, 
such as that shown in figure 7 
(c) can be used. Here the transistor- 
zener diode biasing resistor R is split 
into two sections, and a filter capacitor 
C connected so that it filters the bias 
supply. This means that the final refer- 
ence voltage developed across the zener 
diode is filtered as well as regulated, 
and the transistor is made to act upon 
the load voltage similarly to smooth and 
regulate it, 

In closing the discussion of power 
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supplies, filtering and voltage regulation, 
it should be mentioned that, although 
the principles of dynamic filtering and 
regulation have been explained by refer- 
ence to transistors, the same principles 
apply to valves. Dynamic filtering is not 
often employed in valve circuits—princi- 
pally because it is fairly easy to achieve 
adequate filtering using normal inductor- 
capacitor filters—but valve-type voltage 
regulators are quite often used in test 
equipment and other equipment requir- 
ing well-regulated supply voltages. 
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CHAPTER 14: the concept of alignment; why it is 


necessary to align receivers. General techniques 
used in alignment, and tools required. 
Preliminary notes on practical alignment. 


'HE inclusion of a chapter on align- 
ment may seem rather out of keep- 
ing with earlier and more elementary 
material, or the absence from the course 
of actual receiver constructional data. 

In point of fact, however, it is reason- 
able to assume that many readers will 
have tried their hand at building one or 
more of the receivers described elsewhere 
in the magazine and may by now be 
facing up to this very subject. 

Such being the case, it seems appro- 
priate to do three things: 

(a) Explain what is behind this matter 
E alignment and why it is necessary at 
all; 

(b) Discuss some of the side-issues as, 
for example, dial setting, alignment tools 
and so on. 

(c) Give an alignment procedure for 
both TRF and superhet receivers. + 

Even if the reader does not happen 
to have a receiver on the table, awaiting 
attention, the information should be 
useful and will be available against the 
day when it may be required, 

Forty years ago, the word alignment 
was virtually unknown. 

For the most part, each tuning circuit 
in receivers of the day was brought out 
to a separate tuning dial and tuning in- 
volved turning each dial to the appro- 
priate setting for the particular station. 


STATION CARDS 


In fact, a standard accessory at the 
time was a card listing local stations, 
with two or three spaces alongside each, 
in which the set owner could insert the 
dial readings for optimum reception. 

As time went by, designers sought to 
simplify matters by making all the tuning 
coils and capacitors as nearly identical 
as possible, so that the dial settings 
would correspond fairly closely. Thus, 
the owner could remember if he wished 
that a certain station came in with all 
the dials set to about 70, another sta- 
tion with the dials about 55 and so on. 


From here, it was an obvious step to 
take even greater care with the tuning 
circuits and arrange them so that they 
could all be adjusted simultaneously by 
rotating a anne tuning knob. At first, 
the individual tuning capacitors were 
linked behind the panel with gears or 
belts. Later they were combined into 
the one assembly as a two, or three or 
even four-gang capacitor, Thus “single- 
dial tuning" became the vogue. 

Single-dial tuning has been with us 
ever since and is obviously a very con- 
venient feature. However, several tuning 
circuits will not remain exactly in step— 
or TRACK — accurately just because 
they are superficially alike. Special pro- 
vision has to be made to ensure that 


.the ganged tuning circuits all resonate 
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to the correct frequency at each and 
every setting of the tuning dial. 

By very carefully maintaining the 
number of turns on the coils during 
manufacture and by matching the tuning 
gang sections, fairly good tracking can 
be obtained, as a matter of course, near 
the low frequency end of the range: 
that is, with the tuning capacitor plates 
well into mesh. 

However, at the other end of the band, 
with the capacitor plates well out of 
mesh, the exact tuning of the circuits is 
affected, as much as anything, by 
STRAY capacitance — that to do wit 
the valves, the position of the connect- 
ing leads and so on. 

Variation in this stray capacitance be- 
tween one tuning circuit and another 
leads to tracking error at the higher fre- 
quencies, and therefore loss of efficiency. 

To overcome this problem, it has be- 
come accepted practice to connect small 
trimmer capacitors in parallel! with each 
tuned circuit. They are commonly ad- 
justable between about 10 and 30pF. 
Sometimes they are separate components; 
sometimes included as part of the ganged 
capacitor, 

Normal intention is for the trimmers 
to be set at about half capacitance, the 
tuning coils and the gang itself then be- 


ing designed to cover the requisite band 
of frequencies — from about 1,700 to 
535KC for the ordinary medium-wave 
broadcast band. 

If the stray capacitance across one or 


A typical 2-gang variable capacitor. 
Despite care in the manufacture of 
such units and the coils that go with 
them, minor inaccuracies and ioy, 
fects make it necessi 
“peak” tuned circulis 
which operate from a common con- 
trol. Hence this article on alignment. 


more of the tuned circuits happens to be 
a little high, then the relevant trimmer 
or trimmers are unscrewed a little. Con- 
versely, if the strays happen to be low, 
the trimmer can be screwed in a fraction 
to increase the amount of capacitance 
to the anticipated figure. 

Provided that the coils and gang sec- 
tions are accurately manufactured, the 
tuning circuits thus aligned at the high 
frequency end of the band, remain 
reasonably in step over the whole tuning 
range. 

In more recent years, a further tech- 
nique has been evolved which leaves even 
less to chance at the low frequency end 
of the tuning range, This involves the 
provision of an adjustable iron dust slug 
inside each tuning coil. Moving the core 
in or out of the winding changes the 
inductance by quite a large percentage. 

is, in modern receivers, very 
acurate alignment can be achieved 
by adjusting the coil cores for exact 
inductance balance at the LOW 

FREQUENCY end of the band and 

the trimmers for capacitance bal- 

ance at the HIGH FREQUENCY 
end of the band. 

Note that the cores and trimmers per- 
form different functions and they shou'd 
always be adjusted to fulfil those basic 
functions, The fact that tuning circuits 
include variable iron cores therefore does 
not obviate the need for trimmers, 

There is another facet to this matter 
of alignment which must be mentioned. 

Originally, receivers used tuning dials 
simply numbered 0-100, leaving the set 
owner to memorise the tuning position 
for each station, Provided the receiver 
tuned over the necessary frequency band, 
the exact position of the stations within 
that band did not matter a great deal. 

Thus trimmers could be set for 
proper tracking, without special 
reference to the dial reading. The 
only point which needed to be 
watched was that the trimmers 
were not all screwed in so far 
that they restricted coverage of 
the receiver at the extreme high 
frequency end of the band, 

It is not necessary to refer to 
cores in this context because un- 
calibrated di went out of vogue 
long before adjustable cores came 
in. 


Their use is covered however, 
later in the article. 

More recently and, in fact, 
for many years, station call- 
signs have been marked direct- 
ly on the dial scale. This 
means that the trimmer and 
core settings and the position 
of the pointer relative to the 
tuning gang shaft must be de- 
termined for accurate indica- 
tion of the incoming station as well as 
for accurate alignment. 

It involves also, one other important 
point. There is some variation from 
one type of ganged capacitor to the 
other in the maximum and minimum 
capacitance figures and the shape of the 
movinz plates. This affects the distri- 
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bution of stations across the dial scale. 

In an existing receiver, it can usually 
be assumed that the dial has been cali- 
brated to match the particular ganged 
capacitor and correct alignment should 
therefore bring the stations in on thei 
calibrated positions, 

In a home-constructed set, however, 
there is a chance that a dial might be 
used having a glass or other scale cali- 
brated for some gang capacitor other 
than the one used. In this case, no 
amount of manipulation of the cores 
and trimmers may succeed in getting 
ALL the stations to come in at the right 
Positions on the dial. 

In assembling components, construc- 
tors should therefore see to it that the 
dial glass or scale is for the type of 
gang capacitor selected. 

In the case of a superhet receiver, 
there is more to alignment than merely 
getting two or three tuned circuits to 
track, one with the other. This much 
will be evident from our explanation in 
chapter 11, of the superheterodyne 
principle. 

Alignment involves getting all the IF 
transformer windings resonated to the 
appropriate frequency, usually 455KC. 
It then involves getting the oscillator cir- 
cuit to track with the aerial and possibly 
RF circuit, the requirement, in this case, 
being that the oscillator tune at all times 
455KC higher than the signal frequency. 

This sounds a rather formidable task 
but the desired result can be achieved by 
following a fairly simple routine, which 
Will be described later. 


WHY IT IS NECESSARY 


By now, the reader should have a 


fairly clear idea as to what alignment is " 


all about. It should be equally clear 
that a receiver which has not been 
aligned cannot operate efficiently, be- 
cause its various tuning circuits will be 
a long way out of step. 

So much for section (a)—why align- 
ment is necessary. Now for a few of the 
Side-issues. 

In a factory, receivers are aligned with 
the aid of a signal generator and an 
output meter and there is no doubt that 
the most accurate job can be done in the 
shortest time with their aid. 

Since this is essentially an article for 
beginners, however, we do not plan to 
say overmuch about alignment pro- 
cedures using such instruments. 

The average home constructor is likely 
to have to rely on broadcast stations for 
a source of signal and to rely on his 
ears to indicate whether an adjustment 
has brought about an increase or a de- 
crease in sound volume. | Nevertheless, 
providing care is taken, quite good align- 
ment is possible by these means. 

If the alignment is to proceed 
smoothly, a few preliminary points must 
be checked, Firstly, there is the action 
of the dial mechanism and the setting of 
the pointer relative to the dial scale and 
tuning gang plates. 

If the receiver has a simple 9-100 dial 
scale with no station call sign marked, 
it is only necessary to see that the dial 
drives the tuning gang smoothly between 
the full-in and full-out positions and that 
the pointer travels over the scale with 
any overlap about equal at the two ends. 

The pointer travel can be corrected in 
some dials by loosening a screw or slip- 
ping the drive cord through a loop. 
In others, it involves loosening the grub- 
screws locking the dial to the gang shaft 
and retightening the screws with the two 
in different relative positions. 
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With dials having the station calls 
marked on them, the position is rather 
more confused. Because the capacitor 
plates are specially shaped, precise track- 
ing can only be expected if the pointer 
and its travel is locked to the gang shaft 
in one specific position—that for which 
the dial was originally calibrated. 

With the two in the wrong relative 
positions, stations may be brought to 
correct calibration at the two ends of 


the bands by manipulation of the cores 
and trimmers, but those near the centre 
may be displaced slightly one way or 
the other, 

Some dials—but not many—have a 
ial set" line marked just beyond one 
end of the scale, The intention is that 
the dial shall be locked to the gang 
shaft with the pointer set to this refer- 
ence line and the gang plates either full 
in or full out, depending on which end 
of the scale is involved. 

Where there is no "dial set" line, the 
pointer can only be locked in a likely 
position and the alignment procedure 
followed out. If the stations can duly 
be made to fall in the calibrated po: 
tions, the pointer can be left set; if not, 
the pointer may have to be reset slightly 
one way or the other in relation to the 
gang shaft and the alignment procedure 
repeated, noting whether the new posi 
tion has improved matters or otherwise. 

Alignment instructions often suggest 
that the pointer should be set initially 
for "equal overlap" at the two ends of 
the scale. In our own experience, how- 
ever, we have often found that the fol- 
lowing procedure gives an optimum 
pointer setting at first trial: 

Measure the distance between the 550 
KC calibration point and the 600KC 


Trimmer capacitors come in all shapes 
and sizes, those pictured above being 
on a clear polystyrene base and 
measuring about à inch across. As 
the screw is turned clockwise, it 
forces the top, springy plate down, 
increasing capacitance to the fixed 
plate beneath, 


point, Divide the distance by two and 
set the pointer on the low frequency side 
of the 550KC calibration point by this 
amount. Lock the dial drum with the 
capacitor plates fully in. The lower limit 
of the band will thus be about 530KC. 

Before going further, make sure that 
the dial will rotate the capacitor between 
ihe limits of its travel without obstruc- 
tion, or straining the cord in a cord- 
drive type. If there is any such trouble, 
it should be corrected before spending 
time over the alignment. 

In cord-drive dials, the tension of the 
cord is also important. If it is too loose, 


Some tuning capacitors, 
such as this typical 3- 
gang, have the alignment 
trimmers in-built. In this 
case a trimmer can be 
seen above each of the 
separate sections, con- 
trolled by a hexagonal 
screwhead. The whitish 
marks are the residue of 
a sealing compound which 
had been used to prevent 
the screws from turning 
after adjustment — as 
well as to discourage un- 
authorised tampering. 


the cord will slip. If too tight, it may 
bind and ultimately break. In general, it 
is best to have the cord twisted twice 
around the control knob shaft, with the 
tension no higher than necessary to 
ensure positive drive. 

Depending on the receiver, a special 
alignment tool may or may not be 
required. 

Many trimmers are adjustable with an 
ordinary small metal screwdriver. As a 
rule, they are connected into circuit so 
that the screwhead makes contact with 
that trimmer plate which returns to earth 
or to the “earthy” side of the circuit. 
If touching the trimmer with a metal 
screwdriver alters the signal level, the 
chances are that it has been installed 
the wrong way round, 


WATCH THE HT 


The trimmers in many early type IF 
transformers are likewise adjustable with 
a small metal screwdriver. Fingers 
should be kept off the shaft, however, 
and the blade kept clear of the metal 
can, because the trimmers on the plate 
side often connect internally to the B- 
plus circuit. 

Iron cores are often adjustable also 
with a plain metal screwdriver, notably 
cores which are attached to threaded 
brass rods protruding from top and/or 
bottom of the shield cans. In some 
cases, where the threaded rods are not 
earthed, touching them with a metal 
object will affect the behaviour of the 
coil making it difficult to pick the 
proper peak position. 

To overcome this difficulty, a type of. 
alignment tool has been available for 
many years having a very small metal 
screwdriver tip embedded in a moulded 
handle. 

Alternatively, if the cores are not too 
stiff in their action, a suitable non-metal- 
lic screwdriver can be made by sharpen- 
ing a piece of ebonite rod to a 
wedge point, or an ordinary plastic 
knitting needle. 

In recent years alignment  “screw- 
drivers" have been made available of 
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nylon or similar material and these are 
also very handy for adjusting cores which 
have a screwdriver slot moulded directly 
into their ends. 

A still further type of alignment 
tool has a hexagonal end meant to 
engage a similar hole in moulded cores 
of a somewhat different type. 

Irrespective of the core style and tool, 
however, it is wise to keep in mind that 
core adjustment systems are seldom very 
robust, If a slug has become jammed, 
don't try to force it, It may shatter, or 
become detached from its brass shank (if 
any) or the whole coil former may be 
twisted from its mountings inside the 
can. If you come up against a jammed 
slug, the best plan is to leave it until 
advice can be sought from someone 
iar has had experience with such prob- 
lems. 


TRF ALIGNMENT 


So much for what we referred to 
earlier as the “side-issues.” Now for 
the actual alignment procedure, which 
must needs be subdivided into “TRE” 
and "Superhet." 


TRF receivers are fairly rare, these 
days, but there may be enough of them 
in the hands of home constructors to 
warrant at least brief mention. 

In old-style TRF sets, of the type cur- 
rent about 1930, the only adjustment 
normally provided is to the three trim- 
mer capacitors, usually mounted as part 
of the main tuning gang, There are 
mo variable cores and no station-cali- 
brated dials, 

The procedure, in such cases, is simply 
to examine and check the action of the 
dial and travel of the gang, for reasons 
already explained. 

The receiver should then be tuned to 
a station near the high frequency end 
of the band, at somewhere about 
1300KC. Keeping the volume low, each 
of the three trimmers should be adjusted 
in turn to achieve any possible increase 
in receiver gain, and therefore volume. 

In some cases, the effectiveness of ad- 
justments can be better judged by align- 
ing the receiver with a smaller than nor- 


mal length of aerial or doing the align- 
ment on a weak but steady distant 
station, rather than on a strong local 


one. jally is this true of receivers 
fitted with an automatic volume control 
system, although this is quite uncommon 
in TRF receivers, 


TRY AGAIN 


If one of the trimmers should have 
to be screwed hard down, without pass- 
ing through a peak, the remaining two 
should be unscrewed by a turn or so, 
the dial reset as necessary and the "diffi- 
cult" one repeaked. Alternatively, should 
one or more trimmers not peak, even 
when screwed full out, the remaining 
trimmers should be screwed in and the 
djal reset as necessary until all trim- 
mers peak satisfactorily. 

In a few cases the dial may be cali- 
brated in terms of frequency or station. 
callsigns. In such a receiver, the first 
step is to tune a station near the low 
frequency end of the band (about 
600KC) and set the pointer to indieate 
the station correctly. 

The receiver should then be tuned to 
a station around 1300KC and the trim- 
mers peaked as just described, Now 
observe the accuracy or otherwise of 
the station indication. 

If the station is being received on the 
high frequency side of calibrated 
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Typical alignment tools used for adjusting radio and television receivers. 


hey are normally non-metallic, or use a minimum of metal, in ord 


minimise any effect on the circuit bi 


position—that is with the gang plates 
too far open—it may be moved to- 
wards its calibrated position by re-peak- 
ing all trimmers in a further-out posi- 
tion. 

Conversely, screwing all trimmers 
further in and re-peaking will move a 
station towards the high frequency end 
of the scale, 

If a TRF receiver has variable cores 
as well as trimmers, the procedure is 
first to set the dial to the “pointer set” 
line or for equal overlap or to indicate 
an approximate 530KC as the lowest 
frequency (see earlier paragraphs). 

Having set the dial pointer, tune a 
station in the vicinity of 600KC and 
peak the cores for highest sensitivity and 
output. 

Now check the accuracy or otherwise 
of the station indication. If the station 
is coming in at too high a frequency, on 
the dial scale, unscrew all the cores a 
turn or so, move the dial towards its 
calibrated position and re-peak. Repeat 
the procedure until the dial pointer is 
indicating the particular station accurate- 
ly. Make sure that all cores are peaked, 

If, of course, the station appears at 
too low a frequency on the dial scale, 
all cores have to be re-peaked further in. 

Having obtained correct calibration at 
the low frequency end of the scale, tune 
to a high frequency station, again about 
1300KC. Peak the trimmers and check 
calibration at this end of the scale. 

As before, if adjustment is necessary, 
screwing all trimmers in and re-peaking 
will move the incoming stations towards 
the high frequency end of the scale. 
Unscrewing the trimmers and re-peaking 
will have the opposite effect. 

Having peaked the trimmers, tune the 
low frequency station in again and re- 
check the cores. 


ing this and the preceding 
operations, we have assumed what might 
be called a "static" approach, each step 
towards correct peaking and calibration 
being quite distinct. 

An experienced serviceman is likely 
to adopt a much more sweeping 
approach to alignment with a TRF re- 
ceiver. He may select a strong signal 
at the low frequency end of the band, 
then turn up the gain and/or screw the 
cores rather wildly—anything to hear the 
signal even weakly with the dial point- 
ing to the calibrated position. The cores 
are then peaked for maximum output 
without touching the dial further. 

As a final step, he may then tune the 
set to an adjacent weaker signal and 
give the cores a final touch-up. 

Likewise for the trimmers at the high 
frequency end of the band. 

Another time-saving serviceman's trick 


g adjusted by proximity of the tool. 


is that of rocking the dial while aligning 
the cores or trimmers. 

The dial is simply rocked back and 
forth over the reference station and note 
taken of its general strength and peak 
position. The cores or trimmers are 
then progressively screwed in or out as 
required, the dial being rocked mean- 
while, until maximum response and cor- 
rect calibration is obtained. 

But whatever the method remember 
that, in all this, there is a "golden rule" 
of alignment about cores and trimmers: 

Adjust the cores only on low fre- 
quency signals, Adjust the trimmers only 
on high-frequency signals. 

To back-track somewhat, we men- 
tioned earlier the possibility of aligning 
a receiver with the aid of a SIGNAL. 
GENERATOR and an OUTPUT 
METER, instruments which are com- 
monly used for the purpose in radio 
laboratories, factories and service organ- 
isations, 


BRIEF EXPLANATION 

We shall have more to say about these 
instruments in the next chapter but, in 
brief, a signal generator is am instru- 
ment designed to produce a radio fr 
quency signal at any desired frequency, 
adjustable in strength and modulated by, 
usually, a 400-cycle tone. Cheaper 
forms of signal generators are often re- 
ferred to as MODULATED OSCILLA- 
‘TORS. 

For alignment, the receiver is tuned 
to a signal from such an instrument and, 
since its strength can be adjusted and the 
modulation is a constant tone, the effect 
of any adjustments can be noted very 
readily. Also, since the dial is normally 
calibrated directly in Kilocycles, it is 
easy to verify the exact frequency cov- 
erage of a receiver and to provide a 
signal for alignment at any particular 
frequency required. In aligning a TRF 
receiver with a signal generator, the pro- 
cedure is exactly the same as when 
using stations, as set cut. 

An output meter is any form of meter 
which can be made to give a reading 
proportional to the strength, of signal 
being fed to the loudspeaker. Since a 
meter can indicate variations in signal 
level much more accurately than the car 
can judge them, it makes for higher 
precision. 

More often than not, the output meter 
facility is part of the ordinary radio 
MULTIMETER, with which radiomen 
also measure the varietv of voltages and 
currents throughout a radio receiver, in 
the course of testing, 

"This is part one of the alignment 
story. In the next chapter, we will 
have something to say about aligning 
superheterodynes, also the possible effect 
of instability. 
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CHAPTER 15: Alignment, continued. 


Automatic Volume Control or Automatic 


Gain Control and its effect upon 


alignment. 


The effect of receiver instability. Aligning the IF stages of a superhet. 
Aligning the aerial and oscillator circuits. Shortwave alignment. 
The sevice oscillator and output meter alignment technique. 


OT long after the general adoption 

of the superhet principal, designers 
began to adopt also the technique of 
Automatic Volume Control, abbreviated 
commonly to "AVC." The general prin- 
cipal involved has since been extended 
io television receivers and other equip- 
ment concerned with the reception of 
signals other than those from the "enter- 
tainment" radio stations, and a more 
appropriate modern name for the tech- 
nique is Automatic Gain Control — 
“AGC” for short. 

Most of the old-style TRF receivers, 
which would have been covered in the 
last chapter employed ordinary manual 

‘ontrol, In such receivers the gain 


the cathode bias on one or more early 
stages. 

Any adjustment during alignment, 
which changes the gain of the receiver, 
increases or decreases the volume of 
the signal by an equivalent amount, and 
the effect of any such adjustment can 
therefore be discerned readily. 

In an ordinary broadcast receiver the 
AGC circuit is usually fairly simple. 
Negative voltage, developed by the de- 
lector across its load resistor, is fed 
back as a bias voltage to the grids of 
one or more valves in the tuning section 
—RF amplifier, converter or IF ampli- 
fier. 

On weak input signals, very little bias 
is developed by the detector or fed back 
to the controlled grids, so that the early 
stages operate at almost full gain. 

With stronger input signals, however, 
the detector develops a greater negative. 
voltage and this, fed back to the con- 
trolled grids, reduces quite drastically the 
gain or amplification of the relevant 
valves, 

As a result of this quite automatic 
action, the receiver operates at full 
gain for weak signals but at much re- 
duced gain for stronger signals. "Blast- 
ing" and overload effects are largely 
eliminated, together with at least some 
of the fading experienced when listening 
to distant signals. 

A volume control still needs to be 
provided, of course, but it normally 
operates in the audio system. It allows 
listening volume to be set to the required 
level and adjustment to be made for 
any residual difference between weak 
and strong signals, not fully compensat- 
ed by the AGC system. 

AGC can be used with either a TRF 
or a superhet circuit and has much to 
recommend it from the user's point of 
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view. However, it docs complicate 
alignment somewhat and for a fairly 
obvious reason, 

With the receiver tuned to any given 
input signal, the AGC voltage attains 
a level depending on the strength of 
that signal and the gain of the receiver. 

Now, if adjustment of a trimmer 
should increase the effectiveness of a 
tuned circuit, the resulting increased 
signal at the detector will produce more 
negative AGC voltage, This will de- 
crease the gain of the valves, making 
the effect of the trimmer adjustment 
much less apparent than it would other- 
wise be. 

Conversely, an adjustment which re- 
duces the effectiveness of a tuned cir- 
cuit will also “reduce the AGC voltage 
and allow the valve gain to rise in 
consequence. 

In other words, an AGC circuit in a 
receiver tends to mask the effect of any 
adjustments, and quite substantial 
changes in the efficiency of a tuned 
circuit through peaking might make only 
a slight audible difference in the loud- 
speaker output. 

The best way to counter this masking 
effect is to align such a receiver on 
Very weak signals, as from distant trans- 
mitters. Unfortunately, during evening 


Aligning a dual- 
wave superhet re- 
ceiver. The tuning 
coils in this case 
are mounted in a 
dual-wave coil 
"bracket" and the 
trimmers for the 
respective aerial, 
RF and oscillator 
coils are mounted 
on top of the 
chassis. Note the 
algnment tool, a 
commercial type 
with a body 
moulded in plastic 
and two metal 
tips, one like a 
screwdriver, the 
other slotted to 
suit miniature 
coils and trans- 
formers: 


hours, when most homebuilders would 
want to work on a receiver, there it 
often a hopeless confusion of weak sig- 
nals between the strong locals, most of 
them subject to fading effects which can 
be most misleading. 

If the constructor has to rely on 
stations for alignment, the best plan is 
to carry out a rough alignment proce- 
dure on local stations to make the dial 
track correctly, leaving fine adjusiment 
of the trimmers, etc., to some daylight 
period when it should be possible to 
pick up a couple of weak but steady 
signals at the respective ends of the 
band. 

Out of all this comes another golden 
rule of alignment, 

Peak all receiver circuits as far as 
possible on weak input signals, advan- 

cing the volume control, if necessary, 
to make them audible, 

So much for AGC action and its 
complicating effect on alignment, Now 
for a few words on INSTABILITY. 

In a well-designed receiver it is pos- 
sible to peak all adjustments for op- 
timum performance, without any com- 
plication arising. Each adjustment 
merely increases the gain and sensitivity 
till it reaches the maximum of which 
the set is capable, 

In some cases, however, poor design, 
wrong choice of components, wrong 
placement or long active leads may 
allow an excessive amount of signal 
from one or more stages to couple into 
an earlier point in the circuit, producing 
a feedback or regenerative effect. 

As the gain is increased by progres- 
sive adjustment, the receiver may sud- 
denly become unstable or “burst into 
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to use another very common 


rase. 

Oscillation in a large receiver sounds 
much the same as oscillation in a small 
regenerative receiver, except that it is 
produced deliberately in the latter case 
and controlled by the "reaction" knob. 


Instead of the station signals being 
heard clearly, each one is accompanied 
or even blotted out by a loud whistle 
Which varies in pitch as the set is tuned 
across the carrier. 

Many superhets produce faint whistles 
on odd stations, particularly when oper- 
ating near powerful transmitters. They 
are fairly distinct, however, from the 
strong whistles on every station produced 
by instability. And while a set is un- 
stable, complete alignment is impossible. 

The cure for instability in most cases 
involves elimination of the cause—im- 
proved design if the circuit is of doubt- 


On the left, and withdrawn from the 

a typical 455KC IF 

alignment slugs, in 

mce, are threaded and 

screwed directly into the central 

former, At right is a conventional 
tuning coil. 


ful origin, use of the proper components 
or rearrangement of the wiring and 
layout. 

Needless to say, this is qa argu- 
ment for care in the first place, when 

ding a receiver, whether it be a TRF 
or superheterodyne. 

„Unfortunately, it is not always pos- 
sible, merely by looking at a receiver, to 
pick out and correct the cause of an 
unstable condition. There is also the 
Chance that it may be due to two or 
more unrelated causes, such that correct- 
ing either one separately seems not to 
have improved the situation. 

A common test-bench procedure, when 
faced with an unstable receiver, is to 
st it by wiring a potentiometer 
(say, 10,000 ohms) as a variable resistor 
in the cathode return circuit of the IF 
amplifier stage. As the total resistance 
in the cathode circuit is increased, a 
setting will usually be reached where the 
receiver is stable, even though the gain is 
Poor. 

It can be roughly aligned, when thus 

ilised, after which the effect can be 
tried of rearranging various suspect 
leads, etc. Any rearrangement which 
allows the added cathode resistor to be 
reduced before the onset of oscillation 
will have been a step in the right direc- 
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HE alignment of television re- 

ceivers involves special tech- 
niques and special equipment and IN 
NO CIRCUMSTANCES should be- 
ginners tamper with TV tuners or IF 
systems. 

Unlike the tuned circuits in broad- 
cast receivers, those in a television 
receiver are not peaked for maximum 
gain, They have to be adjusted to 
pass a band of frequencies, from 5 
to 6 megacycles wide, over which the 
audio and video signals from a 
television station are distributed. If 
the tuned circuits in a TV receiver 
were simply peaked in the normal 
way, the receiver might well become 
unstable. In any case it would pro- 
i duce only a poor picture, with no 


The aim is to find and correct all pos- 
sible sources of feedback causing insta- 
bility, such that the receiver can be 
operated at full gain, with no limiting 
resistance in circuit. 

So much then for 
oscillation. 

The basic principles of a superhet re- 
ceiver have been explained in an earlier 
chapter and do not require further 
elaboration here, 

lt is sufficient to recall that the in- 
coming signals are passed through a 
conventional aerial (and possibly RF) 
coil, then heterodyned with a signal 
from a local oscillator stage to produce 
a resultant known as the intermediate 
frequency. 

Matters are arranged so that each in- 
coming signal, as it is tuned, is changed 
to the one intermediate frequency — 
usually 455 KC. All transformers in the 
IF amplifier section therefore need to be 
peaked to this figure. 

Fortunately, the task of aligning a 
superhet receiver is not as difficult as 
it might appear at first encounter and a 
home constructor can do a passable job 
of alignment without instruments and 
without help; provided a certain routine 


instability or 


H œ as set out in a special 
article published on the subject some 
time ago: 
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sound, or sound with little or no 
picture. 

Even the sound channel in a tele- 
vision receiver is "special," involving 
a frequency modulated signal, as dis- 
tinct from amplitude modulation, 
used by ordinary broadcast stations. 

Alignment of picture IF channels 
in a television receiver is normally 
performed with the aid of a “sweep 
and marker" signal generator and a 
cathode-ray oscilloscope. 

Th lignment problems inside a 
television tuner are even more com- 
plicated than for the IF systems, 
such that tuner alignment is rarely 
attempted other than at the factory 
or at special tuner service depots. 

Again . , . don't tamper with TV 
alignment adjustments, 


set to an aerial and 
earth, preferably the ones with which it 
is to be used; connect the speaker and 


Connect the 


Tuning across the 
be able to hear 
the set is other- 


Switch the power on. 
band, you will probabl: 
quite à few stations, i 
wise in order. 

Try to find a weak but steady station 
near the low frequency end of the band. 

Tune the receiver as accurately as 
possible to the station you choose, The 
best way to do this, or in fact to make 
any of the adjustments about to be 
described, is to rock the setting back- 
wards and forwards over the correct 
point gradually converging on it. 

You can now adjust the IF trans- 
former cores or trimmers as the case 
may be (most modern IF transformers 
have core adjustments) for maximum 
sound output from the speaker. 

It is possible that what was previ- 
ously a weak signal now becomes a 
strong signal as the sensitivity of the 
receiver rises, This being the case, do 
the best you can on the original station, 
and then tune accurately to a weaker 
adjacent station and go over the 
procedure again. 

The IF windings do not usually need 
to be peaked in any special order but 
be sure not to miss any. There may be 
a slight amount of interaction between 
the adjustments, so it is a good idea to 
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halls and institutions. Cabinets to any 


Roland. All work guaranteed. 


77 


time. 

When you have finished with the IF 
transformers they should be fairly close 
to the nominal frequency, This is 455 
KC for most receivers nowadays, but 
occasionally you will strike a receiver 
with a different arrangement. 

For this method of alignment it 
doesn't matter and, 
further, even if you 
do finish up a few 
KC off the specified 
frequency, it will 

. Thi 


all IF cl 

accurately aligned to 

the one frequency, 
satisfac- 


amplifier it remains 
to adjust the aerial 
and oscillator cir- 
cuits. If your re- 
ceiver has an RF 
amplifier stage, the 
adjustments for the 

F coil are exactly 
the same as for the aerial coil. 

. With most modern receivers the ad- 
justments consist of trimmers and vari- 
able slugs associated with both aerial 

id oscillator coils, and the padder or 
tracking capacitor is a fixed mica type. 

You may be called upon to realign 
an older reveiver with coils or fixed in- 
ductance and variable padder, so we will 
describe the procedure later. 

In the case of the variable slugs, tune 

to a station which you can casily identify. 
toward the low frequency end of the 
band and adjust the oscillator coil slug 
until the station coincides with its posi- 
tion as marked on the dial. 
Then tune to a station toward. the 
high frequency end of the band and 
adjust the trimmer associated with thc 
oscillator section to bring this station to 
its correct position on the dial. 

Repeat the above adjustments a couple 
of times because each adjustment does 
have some cffect on the other. 


STATIONS SHOULD TRACK 


If everything is in order, i.e. the dial 
and tuning capacitor correctly matched, 
all stations should now coincide with 
their marked positions on the dial. 

Should the AGC system tend to make 
the strong local stations appear broad it 
would be in order to remove the aerial 
or operate the set with a short length of 
wire while making the adjustments to 
the station positions. 

Finally, the aerial coil slug and the 
ial trimmer should be adjusted to 
the strongest signals. The slug 
adjustment should be made with the re- 
ceiver tuned toward the LOW frequency 
end of the band and the trimmer adjust- 
ment toward the HIGH frequency end. 

The aerial circuit should prete 
be adjusted with the aerial with whic’ 
the receiver is to be used connected, 
and it is a good idea to go over it 
several times to make sure that you get 
'esults. 
ime the set will probably be 
very sensitive, and you may not be able 
to find exactly thé sort of signal you 
require. In this case it is quite in order 
to tune the set off a station and adjust 
for the greater noise output. 

The procedure is a little different if 
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go over the IF adjustments a second you are callcd upon to realign an older 


receiver which is fitted with a variable 
padder capacitor. The inductance of 
both aerial and oscillator coils will most 
probably be fixed. v 

The first thing to do after adjusting 
the IF transformers is to tune to a weak 
but steady station toward the low fre- 
quency end of the band and then find 
the setting of the padder capacitor which 


A typical signal generator, providing 

signals at any frequency between 

150KC and 30MC. inel controls 

allow the strength of mal to be 

varied over a wide range, also the 
depth of modulation. 


gives the loudest signal. Unjortunately, 
every time- you shift the padder, the 
position of the station alters. 

The job is made easier if you hold the 
alignment tool in one hand and the tun- 
ing knob in the other so that you can 
rock the tuning capacitor backwards and 
forwards over the station while the pad- 
der is being adjusted. Set the padder 
for the greatest level of sound output, 
irrespective of how it affects the position 
of the station on the dial. 

The grub screw securing the dial drum 
to the capacitor shaft should then be 
loosened and the pointer made to coin- 
ren with the station's position on the 

ial. 

At the high frequency end of the 
band, the two trimmer capacitors are 
adjusted as before, the oscillator trim- 
mer being used to control the calibration 
and the aerial trimmer to give the best 
sensitivity, 


EFFECT OF AERIAL 


Modern aerial coils are designed so 
that the alignment is little affected by 
the aerial be it long or short, but some 
of the earlier aerial coils may not be 
above reproach in this respect. In any 
case we suggest that you do the final 
adjustment of the aerial trimmer with 
the aerial connected. 

It may be worth mentioning in pass- 
ing, that some broadcast band superhet 
receivers have mo padder capacitor, 
either fixed or variable, The necessary 
tracking between the aerial and oscil- 
lator tuned circuits is ensured by having 
dissimilar sections in the tuning cap- 
acitor. The aerial (and possibly RF) 
tuning section is normal but the oscil- 
lator section plates are smaller and dif- 
ferently contoured. 

"The alignment procedure is exactly as 


set out for the fixed padder type of 
receiver. 

To this point wé have spoken only 
of the broadcast band. The procedure 
for the shortwave band or shortwave 
bands is essentially the same, but there 
is the added difficulty that it is often 
hard to find and identify a suitable 
station for alignment. 

Conditions vary a great deal, and 
sometimes change within a matter of 
minutes. Therefore, do not be discour- 
aged if first results are not very satis- 
factory. Of course, the aerial is more 
important than in the case of the broad- 
cast band, because you frequently wish 
to listen to very weak signals. 

However, shortwave stations are heard 
strongly in Australia, and even a poor 
aerial will often receive them at con- 
siderable strength. 

Another problem is that most conven- 
tional dual-wave receivers will “double 
spot" on strong signals, Double spot- 
ting is due to the fact that the local oscil- 
lator can produce the required 455KC 
beat when it is in either of two condi- 
tions—455KC higher OR lower than the 
wanted frequency. Thus, a second spot 
is always twice the IF (910KC in this 
case) away from the correct dial setting. 

While the simple aerial tuned circuit 
will easily reject the second spot on the 
b:oadcast band, it is inadequate on the 
short-wave bands, and a strong signal 
will inevitably be found at two points 
on the dial, For alignment purposes, 
and assuming normal circuitry, the 
setting having the higher frequency of 
the two is the correct one. 

As a first step, we suggest that you 
leave the shortwave oscillator coil slug 
at its original factory setting. The aerial 
slug (and RF slug, if fitted) should then 
be adjusted for the loudest signal, or 
background noise, at the low frequency 
end of the range. Now set the trimmer 


capacitor across the oscillator section to 
about the middle of its range, and with 
the set tuned to the high frequency end 
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of the band, adjust the aerial trimmer 
for greatest output on noise or a signal. 

The calibration can be checked later 
by noting the positions of stations of 
known frequency. 

Toward the low end of the band use 
the oscillator slug for adjustment and 
toward the high end of the band the 
oscillator trimmer, always bringing the 
aerial circuit into line after an alteration 
has been made. 

| This use of the slugs for low fre- 
mo adjustment and the trimmers 

for high frequency adjustment is a rule 
you should apply when lining up any 
of the RF circuits. 

An excellent frequency check with an 
extremely high order of accuracy is the 
American station WWV. It transmits on 
a number of frequencies, but those most 
likely to be heard in Australia at good 
strength are SMC, 10MC and 15MC 
or 60 metres, 30 metres and 20 metres 
respectively. 

The signals can easily be identified 
by the 440 and 4,000 cycle tones which 
are superimposed on the RF carrier and 
the fact that the tones are interrupted 
by a one-second pulse. The pulse is 
omitted on the fifty-ninth second of every 
minute and there are other interruptions 
at regular intervals for call sign an- 
nouncement and other purposes, 

Carefully carry out the procedure we 
have described and there is every chance 
that your set will perform very much 
better as a result of your efforts. 

If suitable test instruments are avail- 
able, of course, a more precise job can 
be made of the alignment. As we said 
earlier, we are not so much concerned 
jn this chapter with readers who are suf- 
ficiently advanced to own or have access 
fo test instruments, but a brief explana- 
lion may help the beginner understand 
what it is all about, 

The best instrument for aliznment is 
4 modulated oscillator or the more 
elaborate instrument which usually goes 
under the name of a signal generator. 
"These instruments can produce radio fre- 
quency signals anywhere in the spectrum 
required for alignment and the strength 
of the signals can be controlled by turn- 
ing a knob on the front panel, 

The signal is modulated usually by a 
400-cycle tone, to that when reproduced 
by the receiver a single whistling note 
is heard from the loudspeaker. With a 
signal thus available at any desired fre- 
quency, at any desired strength and pro- 
ducing a constant output tone, alignment 
iy much simplified, 


OUTPUT METER 

Almost invariably the "output" range 
of a standard multimeter is used in con- 
junction with an alignment oscillator. 
The leads from the multimeter are clip- 
ped across the voice coil wires or be- 
tween the output valve plate and either 
B-plus or earth. 

By suitably adjusting the meter range 
it is possible to have the meter read pro- 

tional to the strength of the tone 
issuing from the speaker, The effect of 
adjustments can thus be noted on the 
meter, the indication being quite clear 
On changes in level too slight for the 
ear to notice. 

The alignment procedure for a TRF 
Using these instruments is very simple. 

The oscillator is set to produce a 
signal at about 600KC and the signal 
tuned in on the receiver. If there are 
adjustable cores in the coils these can be 
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varied for maximum response and at the 
same time screwed generally inwards or 
generally outwards to make the receiver 
dia] pointer correspond with any calibra- 
tions on the scale. 

If the frequency calibration of the 
oscillator is accurate the receiver dial 
can bc set against it, but it is often just 
as easy to swing to the nearest local 
tation and adjust the calibration, revert- 
g to the oscillator signal for final peak- 
ing, 

Tf the receiver is an old style, with no 
cores to adjust, calibration can be cor- 
rected only by re-setting the dial pointer, 
Having thus attended to the low fre- 
quency end of the band the oscillator 


IF TRANSFORMERS 


N important point needs to be 

watched when aligning the IF 
transformers in a superhet receiver. 
In many IF transformers the adjust- 
able slugs can be screwed right 
through each winding, so that two 
peaks can be found, one with the 
core passing from the end of the 
former into the coil, and another 
with the slug passing beyond the 
coil towards the centre of the former 
and the adjacent winding. 


INCORRECT 


Unless there are specific instruc- 

tions to the contrary the core should 
always be peaked in the outer posi- 
tion, that is, furthest away from the 
centre of the former and the adjacent 
winding, 
Peaking one or both cores to the 
inner position can upset the coup- 
ling and the shape of the IF selec- 
tivity curve and may increase gain 
sufficiently in some cases to promote 
instability and oscillation of the type 
already discussed. 


can be reset to the 1,200 to 1,300KC 
region, the signal level reduced to the 
minimum usable figure and trimmers 
peaked for maximum response. 

At the same time, if need be, the 
trimmers can be worked generally in- 
ward or outward to make the dial read 
correctly. 

When aligning a superhet with instru- 
ments the first step is to set the modu- 
lated oscillator to 455KC (or other de- 
sired intermediate frequency) and by 
feeding the signal through from the con- 
verter grid, peak all IF transformer 
windinzs for maximum response. 

Having aligned the IF transformers, 
the procedure for the tuning circuits is 
exactly the same as it is when using only 
station signals. The important difference 
is that the readily controllable signal 
from the oscillator, together with an out- 
put meter, allows the job to be done 
with greater precision, 

In this and previous chapters we have 
mentioned various test instruments, such 
as the multimeter, the oscilloscope and 
the service oscillator, In chapter 16 we 
will take a closer look at test instru- 
ments, discussing their operation and 
use. 
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moving-coil meter and its use in 


CHAPTER 16: Test and measuring instruments. 


The 
measuring voltage, current and 


resistance. The multimeter or VOM and the vacuum-tube 
voltmeter or VIVM. The cathode-ray 

oscilloscope or CRO. Oscillators and signal generators. 
Measuring bridges; the common R-C bridge. A brief idea 
of the many less common instruments. 


N many of the preceding chapters of 

this course we have had occasion to 
mention a number of test and measuring 
instruments, such as the multimeter, the 
oscilloscope and the signal generator. It 
would therefore seem wise at this stage 
to spend a little time looking at the 
various measuring instruments used in 
radio and in other fields of electronics, 
to give the reader some idea of their 
operation and use. 

A basic component in many measuring 
instruments is the moving-coil meter. 
This is a device which has an indicating 
pointer so arranged that, when a current 
iş passed through the meter, the pointer 
moves along a scale by an amount 
which is directly proportional to the 
amount of current flowing. 

Figure 1 gives the general idea, and 
may be used to explain how the moving- 
coil meter works, The heart of the 
meter is a rectangular coil of fine in- 
sulated wire, pivoted at opposite ends on 
jewelled bearings so that it can rotate, 


UPPER PIVOT 
‘AND 
SPIRAL SPRING 


BALANCE 
WEIGHTS 


POLE PIECE: 
RECTANGULAR COIL 

FIXED IRON CORE 
LOWER PIVOT AND SPIRAL SPRING POLE PIECE 
Fig. | 


Current is fed through the coil via two 
delicate spiral springs, one at each pivot. 
The springs also supply what is known 
as the “restoring torque,” which will be 
explained in a moment, 

Attached to the coil is a long but 
extremely light and delicate pointer, 
along with a set of three short arms and 
small weights, These are used to counter- 
balance the pointer so that the whole 
rotating assembly remains balanced, 
irrespective of the position in which the 
meter is mounted, The pointer moves 
over a dial plate having a measuring 
scale printed upon it. 

Behind the dial plate is a strong 
"horse-shoe" s'^ped permanent magnet; 


80 


METER MOVEMENT WITH CASE REMOVED 


is fitted with two pole-pieces which 
concentrate its magnetic field through 
the movable coil. There is also a 
cylindrical soft iron core arranged to be 
within the coil, but not to rotate, It is 
fixed, and serves to ensure that, no 
matter where the coil is, it always moves 
perpendicular to the magnetic field. This 
ust be done if an evenly-spaced or 
linear" scale is required. 

In an early chapter, you may recall, 
we saw that a current flowing in a coil 
of wire produces a magnetic field; this 
is precisely what happens when current 
flows through the meter coil. Two mag- 
netic fields are thus present around the 
coil—that due to the permanent magnet, 
and that produced by the current being 
passed through the coil, 

The two fields interact, and the coil 
experiences a turning force or TORQUE; 
it therefore tends to rotate and, in so 
doing, to move the pointer needle along 
the indicating scale, When it does thi 
the spiral springs begin to have an effect; 


Fig. Showing 
the essential 
parts of a moving- 
coil meter move- 
ment. Current 
enters and leaves 
the pivoted coil 
via the fine spiral 
springs. 


HORSE-SHOE" 
PERMANENT 
MAGNET 


A modern protec- 
ted multimeter, 
having more than 
thirty ranges of 
voltage, current 
and resistance 
measurement. The 
power cord is only 
used on the very 
highest resistance 
measuring range, 
batteries being 
used for all of 
the commonly- 
used resistance 
ranges. 


coil rotation compresses one spring and 
expands the other, so that both springs 
tend to resist such movement. The 
further the coil rotates, the greater the 
force of “resistance” produced by the 
springs, which are all the time trying to 
RESTORE the coil to its original posit- 
ion. Hence we say that the springs pro- 
vide “restoring torque” as well as pro- 
viding flexible connections to the coil. 

The springs are thus fundamental to 
the operation of the meter. Because of 
their “proportional-to-angle-turned” re- 
storing force, the coil and pointer are 
brought to rest at a point where the 
pointer needle indicates a value directly 
proportional to the actual current flow- 
ing. 

If a strong current flows through the 
coil, its forward torque will be large and 
the coil will be able to rotate through 
quite a large angle before the restoring 
torque of the springs is able to counter- 
act the current torque and bring it to a 
halt. On the other hand, a small current 
will only produce a small forward torque 
and the coil will only be able to move 
through a small angle before the springs 
are able to stop it. 

For every value of coil current there 
will be a corresponding coil and pointer 
position, providing that the meter is not 
"overloaded" by passing through it a 
current greater than it is designed to 
handle. 

The moving-coil meter can be used to 
measure very small orders of current. It 
can also be used to measure larger cur- 
rents, as well as voltage and resistance, 
as We shall explain. 

In passing, however, it should be noted 
that there are other types of basic meter 
movement beside the moving-coil type. 
These types are not as common as the 
moving-coil meter and, for this reason, 
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they need not concern us here. Tt is 
sufficient merely to mention that they 
exist, 

When we discussed Ohm's Law in 
chapter 5, we saw that resistances in 
parallel share any current which may be 
flowing. In fact, the proportion of the 
total current which flows through each 
of a number of resistances in parallel is 
inversely—and exactly—proportional to 
their resistance. The lowest resistance 
will take most of the current, while the 
highest resistance will take Jeast current, 
and so on. 

Because of this fact, a 
moving-coil meter may be 
arranged to measure large 
currents. Its coil has a cer- 
lain value of resistance and, 
by placing in parallel with 
it à smaller resistance called 
a SHUNT, the meter coil 
will receive only a known 
minor part of the current. 

A typical meter move- 
ment giving full-scale de- 
flection of the pointer needle 
with only 1! milliamp 
through its coil can thus be 
arranged to read as a 1 


d 


A typical VTVM, intend- 
ed for use on the work- 
bench of the laboratory 
or service shop. It is just x 
as simple to operate as the multi- 
meter, and is often used in place 
of the latter for voltage and re- 
sistance measurement. 


by wiring it in parallel with 
a shunt which takes 999/1000ths of the 


amp meter, 


current flowing through the two. The 
Shunt would simply have a resistance of 
1/999 that of the meter coil so that, 
when 1 amp flows through the two, the 
shunt takes 999 milliamps and the meter 
receives its correct 1 milliamp. 

If the total current should be less than 
1 amp, the meter will read the same 
proportion of 1 milliamp, Thus i-amp 
of total current would read half-scale on 
the meter. 

When we discussed Ohm's Law we 
also saw that, when a voltage is applied 
10 a resistance, a current flows which is 
proportional to the applied voltage and 
inversely proportional to the resistance. 
it is this fact which permits us to use 
the moving-coil meter to measure volt- 
age. 


MEASURING VOLTAGE 


All we have to do is connect, the 
meter coil in the series with a resistor, 
which is called the MULTIPLIER. The 
multiplier is made to have a resistance 
which, when added to that of the meter 
coil, will draw the full-scale meter cur- 
rent when the intended full-scale volt- 
age is applied to the two. 

An example should make this clear: 
Suppose we have a l-milliamp meter 
and we want to use it to read from 0 
to 100 volts. All we need do is work 
cut from Ohm's Law the resistance 
which draws 1 milliamp when 100 volts 
is applied, which works out to be 100K 
(100 divided by 1/1000, giving 100,000). 
To find the multiplier resistor value, we 
simply subtract the resistance of the 
meter coil from this figure. Thus, if the 
meter coil has a resistance of 100 ohms 
(a typical figure) we will need a multi- 
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plier of 99,900 ohms in series with the by the user, depending on the measuring 


meter to convert it into a 0-100 volt- 
meter. 

In practice, if subtracting the meter 
resistance only affects the multiplier 
resistor value by the small amount 
shown above, it would be neglected. An 
accurate 100K resistor would be quite 
close enough as the multiplier. 

In these circumstances, 100 volts ap- 
plied to the combination would make the 
meter read full scale. With 50 volts 
applied it would read half-scale and with 
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25 volts, quarter-scale. By marking the 
meter scale in volts to 100, any voltage 
up to 100 can be read directly. 

Different voltage ranges may be pro- 
vided simply by selecting different values 
of multiplier resistance. 

There are a number of different ar- 
rangements whereby the moving-coil 
meter may be used to measure resist- 
ance, The resistance-measuring circuit 
most often used is basically little more 
than a battery wired in series with the 
meter. 

When an unknown resistance is con- 
nected into the circuit between the ap- 
propriate terminals, it completes the 
circuit and a current flows through the 
meter. The amount of current (and 
hence the meter reading) will depend 
upon the value of the resistance. Small 
resistors will produce a large current, 
and large resistors a small current; thus 
the scale of the meter can be marked in 
terms of resistance, 

The moving-coil meter may also be 
used to measure AC, with the aid of a 
small rectifier circuit to change the AC 
into DC, Multiplier resistors may be 
added to the meter-rectifier combination 
to measure alternating voltage, while a 
small transformer is used to allow the 


combination to be used to measure 
heavy alternating currents, 
The common MULTIMETER or 


VOM (short for Volt-Ohm-Milliameter) 
is simply a meter movement fitted into 
a case along with a variety of current 
shunts, multiplier resistors and resist- 
ance measuring circuits, to enable it to 
be used to perform a wide variety of 
measuring tasks. 

Tt is usually provided with switches 
to select the various shunts or multi- 
pliers, etc, Alternatively it may have 
a series of pin-jacks or terminals to 
which the test leads may be connected 


job to hand. 

The multimeter is one of the most 
useful instruments in electronics. A 
mcdern instrument of the type shown in 
the photograph provides some thirty 
different measuring ranges, covering 
voltages (AC and DC) from a fraction 
of a volt to many thousands of volt 
currents from microamps to amps; re- 
sistance from a fraction of an ohm to 
many megohms, It also provides built- 
in protection for the meter, to guard 
against damage due to improper setting 
of the controls. 

Because the moving-coil meter is 
essentially a current reading device, the 
multimeter always draws a small current 
when being used to measure voltage. 
With modern, sensitive meter movements 
this metering current may be as low as 
10 or 20 microamps for full-scale deflec- 
lion, but even this current can load some 
circuits unduly and produce reading 
errors. 


VALVE VOLTMETER 


It is principally because of the load- 
ing imposed by the moving-coil multi- 
meter that the VACUUM-TUBE VOLT- 
METER or VTVM has been developed 
for work in high resistance circuits. 
Other names used for the VTVM are 
the "Valve Voltmeter” and the “Elec- 
tronic Test Meter." The last name is 
regarded by some as being the most 
appropriate, as most VIVMs provide 
other ranges besides those for voltage 
measurement, 

The VTVM uses valves — usually 
triodes—to increase the sensitivity of the 
b moving-coil meter, And since 
valves do not draw input current, the 
VTVM may be arranged to have a very 
high input resistance so that it does not 
seriously load the circuit being tested. 
Typical VTVMs used in radio and TV 
service work have an input resistance of 
10 or 11 megohms, while special types 
may have an input resistance of hun- 
dreds of megohms, 


The principal disadvantage of the 
VTVM is that it needs power to supply 
its valves, This means that it is not 
quite as versatile as the multimeter, even 
though it may be provided with resist- 
ance and current ranges along with the 
basic voltage ranges. Small VTVMs 
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like that shown in the photograph are 
quite portable, but they must still be 
plugged into the power mains or power- 
ed by a fairly bulky battery pack. 

Recently, transistorised voltmeters or 
TVMs have been developed to answer 
the need for a portable, very high input 
resistance meter. These are still rather 
expensive compared with many simple 

Ms, however, and tend to be rather 
lower in temperature stability. 

Multimeters and VTVMs permit the 
measurement of voltages, currents and 
resistances in circuits, but they do not 
allow us to see the ways in which cur- 
rents or voltages may be changing — 
unless the changes are taking place very 
slowly. The CATHODE-RAY OSCIL- 
LOSCOPE (or CRO) is an instrument 
which allows both fast and slow changes 
to be seen. It may also be arranged to 
measure voltages and frequencies, 

The heart of the CRO is the cathode- 
ray tube, which is a small-scale version 
of the picture tube used in television 
receivers. In addition to the size dif- 
ference, the cathode-ray tube used in 
Most oscilloscopes uses what is termed 
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electrostatic deflection rather than. the 
magnetic deflection used by television 
picture tubes, and has no “yoke” mount- 
ed on its neck. 

Figure 2 should help in understanding 
how the cathode-ray oscilloscope works. 
The tube consists of three main parts— 
a group of electrodes called the "elec- 
tron gun,” two pairs of flat plates called 
the deflection plates, and a fluorescent 
screen, 

It is the screen which js visible at 
the front of the oscilloscope, and it is 
on the screen that a “picture” of cir- 
cuit voltage or current changes appears. 
Repeating changes, like those of altern- 
ating voltages and currents, produce a 
fixed wave-like pattern on the screen— 
hence the use of the term “waveform” 
to describe the screen patterns and the 
circuit variations which they represent. 

The purpose of the electron gun is to 
Produce a fine stream of electrons aimed 
at the fluorescent screen. The gun has 
a heated cathode similar to that in a 
normal valve, and à system of cylindrical 
and disc electrodes used to control and 
guide the electrons into a narrow beam. 

If the deflection plates were not there. 
Or if they were not connected to any- 
thing, the electron beam from the gun 
would strike the centre of the fluores- 
cent screen and cause the phosphor 
powder at that spot to glow, All that 
would be visible would be a small bright 
dot at the centre of the screen, 

Consider what happens to the beam 
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when one of the 
pairs of plates—say 
the pair marked 
"vertical deflection" 
—is connected into 
a circuit so that a 
changing circuit vol- 
tage appears across 
the two plates. 

The two deflection plates are in effect 
a parallel-plate capacitor, and the voltage 
difference between them will set up an 
electric field in the space between them 
—through which the electron beam is 
travelling. As the voltage of the circuit 
varies, the electron beam will therefore 
find itself in a varying electric field. 

Electrons, it will be recalled, are nega- 
tively charged, and the electrons of the 
beam will thus tend to be moved or 
deflected by the electric field toward 
the more positive plate. The beam is 
travelling quite fast, so the electrons 
will not actually be able to reach the 
more positive pate, but the beam will 
be bent in the direction of the plate 
and the electrons will hit the fluorescent 
screen at a new spot somewhat removed 
from the centre of the screen. The exact 
distance moved will depend upon the 
voltage applied to the two plates, 

As the voltage of the circuit varies, 
the bending of the beam will also vary 
and the glowing spot on the screen will 
move up and down in sympathy, When- 
ever the top plate is more positive than 
the lower plate, the beam will bend 
upward and the spot will move up. Con- 
versely, when the lower plate is more 
positive than the upper plate, the beam 
will be deflected downward and the spot 
will move below the centre of the screen. 

The amount of beam deflection pro- 
duced at any instant will be propor- 
tional to the circuit voltage present at 
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This modern oscilloscope is quite small, but it per- 
mits both voltage and time measurements to be 
made, besides providing the user with a “picture” 
of circuit operation. Although it may seem to have 
a lot of controls, it is relai 
as many of the controls are used only occasionally. 


ly simple to operote 


Fig. 2: This sketch should help in understanding 
how the cathode-ray oscilloscope works. 
pattern which appears on the screen is virtually 
a graph of circuit voltage plotted against time. 


The 


that instant, and so the distance moved 
by the spot on the screen will be directly 
proportional to the circuit voltage at 
all times. If too much voltage is applied 
to the plates, the beam will be deflected 
right into the glass neck of the tube, 
and the spot will disappear off the top 
or bottom of the screen. 

So far, the cathode-ray tube is simply 
acting like a meter with an electron- 
beam indicator need:e. But here is where 
the second set of plates come in — 
those marked "horizontal deflection." 
These are very similar to the first set, 
but are closer to the screen (for mainly 
physical reasons) and are turned side- 
Ways so that any voltages applied to 
them will tend to move the beam and 
spot horizontally. 


TIMEBASE 

A circuit called the TIMEBASE 
GENERATOR applies to this second 
set of plates, a voltage which changes 
linearly (smoothly) for a certain period 
then drops back to its initial value, then 
changes linearly again, and so on. The 
waveform of this voltage is thus shaped 
like the teeth of a rip-saw, and is accord- 
ingly called a SAWTOOTH sweeping 
voltage. 

The effect of this sweeping voltage 
is to move the beam and spot smoothly 
across the screen from the one side 
to the other, then quickly back again, 
then smoothly across again, and so on, 
The speed at which this occurs can be 
adjusted over a wide range by controls 
in the timebase generator circuit, 

By this horizontal movement of the 
beam and spot, the timebase waveform 
"spreads out" the up-and-down spot 
motion produced by the signal so that 
it can be seen. In effect, the cathode- 
ray tube plots a graph of the test 
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A very compact modulated RF oscil- 
lator, intended for the testing and 


alignment of radio receivers. It is 
transistorised and operates from a 
small internal battery. 


voltage compared with time; the time 
represented by one sweep of the time- 
base waveform can be worked out or 
measured. 

The cathode-ray oscilloscope _ thus 
allows us not only to see the circuit 
voltages changing, but to measure by 
how much they change—by the height 
of the pattern—and how long they take 
in changing—by a knowledge of the 
period of time represented by one sweep 
of the timebase waveform. It is thus 
an extremely useful instrument. 

A modern oscilloscope like that shown 
in the photograph includes an amplifier 
(called the "Y" or "vertical" amplifier) 
to enable very small circuit voltages to 
be made large enough to produce a 
visible deflection of the spot. The ampli- 
fier has a switch to allow the selection 
of various amounts of amplification, and 
the switch is marked directly in terms 
of the amount of input voltage which 
is represented by 1 centimetre of vertical 
spot deflection. Voltages can thus be 
measured quite easily. 

The speed of the timebase generator 
js adjustable by means of other switches, 
and these again are marked directly in 
terms of the period of time (in seconds, 
milliseconds or microseconds) represent- 
ed by 1 centimetre of screen width. Time 
duration and frequency can thus be 
measured quite easily. 

In passing, it should be noted that 
some oscilloscopes, notably the older 
types and the simpler modern types, do 
not have such “calibrated” vertical ampli- 
fier and timebase controls. They often 
have just a variable gain control on 
the vertical amplifier and have timebase 
controls either unmarked or marked in 


terms of the approximate timebase 
sweeping frequency (in cycles per 
second). Such instruments are intended 


mainly for “looking” at circuit goings- 
on, and are not really suitable for 
making measurements. 

Most oscilloscopes have knobs to con- 
trol the brightness and focus of the 
spot, and to set the spot to the centre 
of the screen when voltages having a 
large steady component are being mea- 
sured. These latter are called the “shift” 
controls. 

Oscilloscopes are also fitted with cir- 
cuits to enable the timebase to be locked 
or “synchronised” with the voltage under 
inspection so that the screen pattern is 
held steady. Depending upon the exact 
lype of circuit used, the controls asso- 
ciated with this feature may be marked 
“synch.” or “triggering” or "locking" 
adjustments. 
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In some of the preceding chap- 
ters, we have referred to sources 
of RF alternating voltage, called 
variously MODULATED RF 
OSCILLATORS or RF SIGNAL 
GENERATORS depending upon 
their degree of refinement. It was 
explained that such devices are 
basically valve or transistor type 
oscillators, provided with a tuning 
capacitor and various coils to set 
the desired frequency band, 

They usually include provision 
for modulating the RF voltage 
with a fixed audio tone (usually 
400 or 1,000 cps) and with a re- 
liable control over the amount of 
output voltage delivered — the 


the photograph will deliver audio signals 
from 18 cps to 500KC, covering the 
audio spectrum, supersonic frequencies 
and right up to the lower end of the 
RF broadcast band. It can provide either 
normal sinewaves (smooth alternations) 
or SQUARE WAVES, which are very 
useful in testing audio amplifiers and 
other equipment. 

Like an RF signal generator, it has 
a meter to monitor the output voltage, 
and attenuator controls to enable the 
output to be set to any voltage between 
about 1 millivolt and 11 volts. 

There are many occasions when resis- 
tors, capacitors and inductors must be 
accurately measured to determine their 
value of resistance or reactance. While 


An audio gens which will deliver either sine or square waves of any 


frequency between 18cps (sub-audio) 
attenuator controls allow the output 


and 500KC. The output meter and 
to be set to any voltage betw. a 


fraction of a millivolt and 11 volts. 


ATTENUATOR. In laboratory 
lance, the name "Signal Generator" is 
usually reserved for instruments which 
have a meter to monitor the output 
voltage and the degree of modulation 
present, and an output voltage attenuator 
capable of setting the output to a known 
level between a fraction of a microvolt 
and a few volts. 

In chapter 15 there appeared a pic- 
ture of a reasonably elaborate instru- 
ment of the signal generator variety. 
The instrument shown in the photograph 
jn this chapter is somewhat simpler, 
being a modulated oscillator intended 
for general radio testing and alignment. 
It is  transistorised, covers three 
frequency bands and is quite small and 
portable. 

Just as there is a need for instru- 
ments able to supply RF voltage, there 
is a similar need for instruments able 
to supply low- and audio-frequency 
alternating voltages. Such instruments 
are known as AUDIO OSCILLATORS 
or AUDIO GENERATORS, the latter 
being the counterpart of the RF signal 
generator in terms of accuracy and 
refinement. One type of audio oscillator 
is called a BEAT-FREQUENCY OSCIL- 
LATOR or BFO because it generates 
the audio frequencies by heterodyning 
or beating together two RF voltages. 

The audio signal generator shown in 


a reasonably accurtae measurement can 
be made using various circuits of the 
multimeter or VTVM, it is usually neces- 
sary to employ what is known as a 
MEASURING BRIDGE in order to 
make really accurate measurements. 
Basically, a measuring bridge is a 
device which balances the unknown 
resistor, capacitor or inductor against 
a known or STANDARD unit, to give 


Talking about 


test instruments . . . 


.. reminds us that we talk about 
new instruments and quite a few 
other new products each month in 
the Trade Review pages of "ELEC- 
TRONICS Australia." Keep up-to- 
date with new developments in the 
electronics field 


in Australia and 
abroad by reading "ELECTRONICS 
Australia" each month, Better still 

. place a standing order with 
your newsagent, or take out a sub- 
scription and have copies mailed 


to you. For details of subscription 
rates, write to the Circulation 
Manager, ELECTRONICS Aus- 


tralia, Box 2728, G.P.O., Sydney. 
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SAFETY 
FIRST 


Never underestimate the danger of 
an electric shock. No one is immune 
to the danger. 


To be sure, plenty of people have 


received electric shocks and lived to 
tell the tale. They are the lucky ones, 
Many have been less fortunate, Care- 
lessness or ignorance has cost them 
their lives, 
The moral is simple: 


Don't rely on 
luck; don't be careless; 


don't tolerate 


ignorance — your own or anybody 
else's! 

Electric shock can affect the human 
body in various ways: It can burn: 


Can cause violent. muscular re, 
Can cause loss of muscu 
can interrupt the natural 
action of the heart, 

_ This last is probably the most in- 
sidious and it can result from a shock 
Through the heart region amounting 

s of current, Because 
so, electric shocks are most dan- 
gerous when the current passes between 
the two hands or arms, or between an 
arm and an opposite leg. 

Mere are some safety rules, com- 
monly observed by people who have 
to deal with electrical, radio or other 
electronic equipment: 
9 When modifying or repairing equip- 
ment, always withdraw the plug from 
the power point. The "off-on" switch 
on the wall or on the equipment itself 
may conceivably break the neutra 
active power lead and 
wiring in the equipment 


pumping 


mains 
still “live.” 


€ If you cannot avoid working on 
equipment when it is actually switched 
On, first make sure that it is supported 
firmly in a position which will afford 
the necessary access, Never put your- 
self into the situation where you mipht 
have to support (or grab at) the chassis 
with one hand while you have the 
other hand near active circuit 

@ When working on “live” equipment 
good safety-first habits ure to keep the 
unoccupied hand by your side, or in 


à pocket, to squat on a wooden stool 
or chair, with feet on the rungs or on 
rubber or a dry carpet Hazardous 


situations include sta 
earth or damp concrete, 
marage-workshops 

the body rest a 


Ming on damp 
às in so many 
or letting parts of 
inst conduit or other 


metalwork, 
@ Make sure that all test lends and 
prods are adequately insulated and use 
tools with insulated handles. But do 


not rely on this: if there is any risk of 
shock, ‘switch the equipment off and, if 
advisable, remove the power plug be- 
fore changing the position of a test 
lead or making some extensive adjust- 
ment. 
* Don't be led into carelessness by 
an experienced technician who appears 
to take liberties with live equipment, 
Because of his experience and know- 
ledge of the equipment, he may be 

ng a lot more care than you give 
im credit for, 
@ Sce to it that you, and the mem- 
bers of any electronics club with which 
You are associated, know how to act 
ihe event of someone receiving an elec- 
tric shock. — (Inquire of ambulance 
services electricity undertakings, indus- 
trial authorities.) 

Radio, as a hobby, has a record in 
Australia of being particularly. accident 
free. Let's keep it that way! 
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an indication of the relative value of 
the unknown component, This type of 
measurement is accurate because the 
bridge simply performs a comparison 
between the unknown unit and a highly 
accurate standard unit; it does not rely 
upon the voltage of a internal battery 
or the accuracy of a meter. If a meter 
is used in the bridge, it is simply used 
as a balance indicator and not used as 
a measuring device. 

For the measurement of in- 
ductance a rather elaborate 
bridge is required, whereas 


A typical 


tor. The dial gives 
the value of an 
unknown compon- 
ent as a ratio of 


the internaj stai 

dard resistor or 

capacitor selec- 
ted. 


quite a simple bridge 
Can measure resist- 
ance and capacitance 
fairly accurately, 
For this reason most 
of the simpler measuring bridges are 
called R-C BRIDGES to signify that 
they are really only suitable for measur- 
ing resistance and capacitance. 

The R-C bridge shown in the photo- 
graph has inbuilt standard resistors and 
capacitors for six comparison ranges, 
with a pair of terminals provided so that 
additional standard resistors or capaci- 
lors may be connected if desired. The 
comparison is carried out at a frequency 
of SOcps, and a special valve known as 
a "magic eye" or ELECTRON-RAY 
INDICATOR indicates a balance by 
means of two overlapping fan - shaped 
glowing segments on a fluorescent screen. 

The bridge is adjusted for a balance 
by means of the large dial knob, which 
effectively "tries out" various ratios be- 
tween the unknown and standard com- 
ponents. When it finds the ratio which 
produces a balance, as indicated by the 
electron-ray tube, the dial reading gives 
the value of the unknown component’ 
relative to the standard. If it reads 
“0.5” when the standard is 100pF, for 
instance, the unknown capacitance is 
SOpF. If it reads "3.4" with the same 
standard, the unknown would be 340pF. 

The instruments which we have looked 
at so far are perhaps the most common 
types which are met in electronics. Be- 
fore we leave this topic, however, it 
might be worthwhile briefly mentioning 
a few of the many not-so-common in- 
struments, 

The SWEEP AND MARKER gen- 
erator is an instrument used in the align- 
ment of TV receivers and similar applica- 
tions. It is in effect two RF oscillators 
or signal generators in one. The sweep 
section generates an RF signal which is 
swept back and forth in frequency, and 
may be used in conjunction with a 
CRO to show how tuned circuits and 
amplifiers behave over the band of fre- 
quencies being swept. The marker is a 
fairly normal RF oscillator used to 
identify or "mark" the various frequen- 
cies being swept through. 

VALVE TESTERS and TRANSIS- 
TOR. TESTERS are instruments used to 
check valves and transistors for proper 


operation. Simple types may only indi- 
cate the difference between useless or 
very poor units and those which should 
operate more or less normally. 

The more elaborate instruments place 
the valve or transistor being tested under 
its correct operating conditions and 
measure just how well it performs as 
compared with an equivalent new com- 
ponent, 

DISTORTION METERS are audio 


Ls 


e 
b 


* 
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testing instruments which may measure 
one or more of a number of different 
types of signal distortion. They are often 
combined in the one case with an in- 
strument called a MILLIVOLTMETER 
—which, as the name suggests, measures 
very small alternating voltages. The 
millivoltmeter is very useful for measur- 
ing the performance of microphones and 
gramophone pick-ups, as it can measure 
their output voltage directly. 

GRID-DIP OSCILLATORS or GDO's 
are small RF oscilators which have ex- 
ternally - mounted resonance coils and 
a meter which indicates their strength 
of oscillation. They are used to deter- 
mine the tuning frequency of resonant 
circuits in receivers and other equip- 
ment. When the coil of the GDO is 
brought near the coil of the unknown 
tuned circuit, the frequency of the 
GDO is varied until the meter indicates 
that the test circuit is absorbing some 
of the oscillation energy — this shows 
as a "dip" in the meter reading. The 
GDO dial then indicates the frequency 
of the unknown circuit, 

Incidentally, the term "grid-dip oscil- 
lator" is inappropriate when applied to 
the transistorised instrument and it 
would be better if the term were simply 
shortened to "dip oscillator," 

The SIGNAL TRACER is effectively 
a sensitive radio receiver fitted with a 
switch which permits signals to be fed 
into it at any of the various points along 
the signal path. It is used to follow the 
path of radio signals through a receiver 
under test, in order to find out speedily 
the section of the receiver which is 
faulty. 

Although we may seem to have looked 
at quite a number of test and measuring 
instruments in this chapter, there are a 
great many more that we have not been 
able to mention. All sorts of test and 
measuring instruments have been de- 
veloped in order to make the job of the 
electronics worker a little easier, faster 
and surer. 
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CHAPTER 17 : subjects yet to be covered. The im- 


portance of audio techniques. Microphones. Distortion in au 
recording — principles, 


reproduction, Magnetic 
fidelity and distortion, noise, wow 
playback principles. Piezo 


lectric and magnetic pickups. 
amplifiers and their main charact 


equalisation, 
and flutter. Disc recording and 
Audio 


istics. Stereo 


Loudspeakers. 


reproduction. The significance of the term "hi-fi." 


N this and the following three or 
four chapters of our Basic Radio 
~ Course, we seek to present to readers 
LL broad picture of various important 
aspects of electronics. Included will be 
chapters on audio, television, servicing, 
amateur radio and industrial electronics. 
Each of these subjects could easily 
occupy a complete course in its own 
right and there can be no thought of 
an adequate technical coverage in a 
number of single chapters. 

What we will try to do is to answer 
an imaginary question along the lines... 
What is this all about? Each chapter 
Will aim to "orientate" the reader in 
relation to the particular subject and 
put him in a more favourable position 
1o delve deeper by other reading. 

This particular instalment is devoted 
lo the subject of audio and sound repro- 
duction, one of the major subdivisions 
of the electronic art. 


WIDE FIELD 


A very large proportion of 
the industry is directly involved in 
producing “audio” components of one 
type or another or in using them 
professionally. A large 

workers in the electronic 


roportion of 
jeld have high 


working knowledge 
though they are not engaged in the 
industry. 

It may be helpful, at the outset, to 
take a quick look at familiar and every- 
day uses of audio techniques 
and components. 

The most prolific use of audio com- 
ponents .is found in ordinary 
radio receivers. Readers could well refer 
back to chapter 10 of this course (May, 
1964) for fundamental concepts and to 
the following issue for reference to more 
complex types of receiver. 

Basically, a radio receiver makes 
available at its detector a small audio 
signal, which is a close replica of the 
speech and music signal being radiated 
by the broadcasting station. Apart from 
"crystal" sets and such like, all radio 
receivers use one or more audio amplifier 
stages to build up the signal to a level 
where it can adequately operate a loud- 
speaker. 

Much the same thing happens in a 
television set, the two applications adding 
up to literally millions of audio ampli- 
fiers in this country alone. 
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Added to these are all the record 
playing equipments and the tape 
recorders currently in use, hardly less 
familiar than radio receivers and every 
one involving an audio amplifier . . . in 
fact two, where a stereo system 
is involved. 

Then there are public address ampli- 
fers for reinforcing speech, amplifiers 
for theatre sound, amplifiers to do with 
electronic organs and other musical 
instruments, amplifiers in paging and 
intercommunication systems, and so on 


into a variety of less obvious 
applications. 
ittle wonder that engineers can 


specialise at length in audio techniques 
and components, without any fear of 
exhausting the subject. 

A discussion of audio techniques, at 
least for our present purpose, can logic- 
ally begin with a look at the sources 
from which enthusiasts may derive 
signals for amplifying equipment. These 
would include, most commonly, radio 
and TV receiver detectors, as already 
mentioned, magnetic tape and tape heads, 
and gramophone records and pickups. 

The microphone must qualify as the 
most fundamental of signal 
because it performs the primary tasi 
changing sound from a pattern of pres- 
sure waves in the air to 
an equivalent pattern 
of electrical signals. 
The original sound 
may be voice, music, 


———— 
Figure 1: A typical 
medium quajity 
microphone made by 
AKG. it is suitable for high 
quality home recording, high 
quality public address and non- 
critical use in broadcast and TY 


studios. 
| anon nen ee tL O0DOP ODDIE IODA. 


noise, or any combination of the three; 
anything, in fact, which we can hear 
and which we may wish to amplify or 
record. 

An ideal microphone would be capable 
of changing any audible sound pressure 
wave into an exactly equivalent electrical 
signal without DISTORTION, a collec- 
tive term indicating any departure from 
perfect reproduction. 

It would exhibit no FREQUENCY 
DISTORTION; in other words, it would 
handle all sound with equal efficiency, 
irrespective of the frequency or pitch of 


the sound. If its signa] output voltage 
were plotted against frequency, the re- 
sulting graph or curve would be flat. 


An ideal microphone would not ex- 
hibit any HARMONIC DISTORTION; 
in other words, it would not add to the 
electrical output signal extra frequencies 
or harmonics which were not present in 
the original sound. Conversely, it would 
not suppress any of the natural 
harmonics in the original sound. 


Again, an ideal microphone would not 
introduce any INTERMODULATION 
effects, This means that it would not pro- 
duce extra and spurious output signals 
as a result of heterodyning or mixing of 
original signals. To quote a simple ex- 
ample, there would be no tendency for 
two tones (say 500cps and 700cps) fed 
to the microphone to heterodyne (or 
intermodulate) to produce extra spurious 
signals at 200cps (700 — 500) or at 
1,200cps (700 -}- 500). 


Perhaps it would be a good plan to 
re-read these last three paragraphs and 
look again at the terms which have been 
put in capital letters. While we have 
chosen to introduce them in connection 
with microphones, they have an appli 
tion to all audio components, Frequency 
distortion, harmonic distortion and inter- 
modulation effects are terms which you 
will strike over and over again in audio 
literature — and which you will certainly 
strike again in this chapter, 


Not surprisingly, there is no such 
thing as an ideal or perfect microphone, 
although good quality studio type micro- 
phones are commendably free from these 
failings. The same cannot be said for the 
class of microphones more commonly 
handled by audio hobbyists, however, oF 


those used for utility public address 


systems, 

A hobbyist or small-scale P.A. 
operator might class a microphone in 
the £10 to £25 group as "good," and it 
is so to the extent that it can give 
acceptable results on speech, singing and 
non-critical instrumental groups. How- 
ever, to varying degrees, microphones in 
this group do evidence some distortion 
— using the word collectively — which 
is responsible for the reproduced sound 
being not quite natural. 

In the still cheaper grades of micro- 
phone — and this includes practically 
all those supplied with domestic tape 
recorders and so on — distortion is 
plainly evident, particularly frequency 
distortion in the way of a strong promi- 
nence in the middle of the range (say 
about 3,000cps) with diminished re- 


D 


go —L———— —————————————M c9 


| || sponse in the upper register and at the bass end, That is why — | 
I speech and music recorded through such microphones 
commonly has an unnatural or "metallic" quality, 
Microphones use a variety of basic principles to convert 
sound pressure waves to electrical signals. 
| Studio quality microphones are commonly of the "con- 
| denser," "ribbon" or "dynamic" type, Among medium qual- 
| ity microphones, one finds an occasional ribbon type, a 
preponderance of dynamic types and a few "crystal" (or 
{ piezo-electric) units. In the inexpensive class one finds a fair 
number of dynamics but a preponderance of crystal types. 
| At this stage, these must remain mere terms, although 


! some clue as to their meaning may be picked from later 
| references. 
| The electrical signal available from most microphones 
is quite small, being commonly very much smaller than that 
| available from the detector of a radio or television receiver. 
This being so, an amplifier used with a microphone must 
| have a higher amplification or GAIN than one intended to 
| operate only rom a radio etestoe, a 
But enough about microphones. Let 
| usinioye on.” Figure 2: A typi- 
| If sound is to be recorded for future cal tape recorder 
Í| replay, it is most commonly done, these $ and playback 
days, first of all on magnetic tape $ unit, actually a 
| equipment. The tape itself, on which $ Ferrograph, mid- - " 5 
the recording is impressed, is a ribbon $ way in price and performance $ heads, now induce a signal current in 
of thin plastic, normally i-inch wide, $ between fully professional studio $ the windings of the heads, more or less 
Inu coated on one side with a thin layer of equipment and the less preten- $ cquivalent to the signal originally re- 
a finely divided and magnetically sensitive tious units commonly bought for corded. When the induced current is 


particles. 

A tape recording system provides the 
Necessary spooling and traverse 
mechanism to pull the tape at an even 
speed past the magnetic head assembly. 
Most readers will be sufficiently familiar 
with tape recorders not to require any 
elaboration of these remarks. 


ERASE AND BIAS 


Internally, a tape recorder normally 
contains an erase OSCILLATOR. This 
is a normal oscillator circuit (see chapter 
8, March, 1964) but arranged to provide 
output in the supersonic region, usually 


home use. 


is drawn across this gap, the particles 
are magnetised according to the field 
which is present at the particular instant. 
This they retain so that, in effect, the 
tape can be regarded as being coated 
with an extremely large number of 
separate magnets of particle size, each 
one magnetised in a particular way, 
according to the original signal which 
produced it, 

To play back the tape, the erase (or 
bias) oscillator is switched off, the tape 
is rewound and then drawn across the 


amplified and fed through a loudspeaker, 
the original sound is re-created, 

In simple recorders, the same head 
is commonly used for record and play- 
back, being switched from one func- 
tion to the other by operation of the 
controls and, in particular, the “record- 
playback” switch, In more complex 
equipment, separate record and play- 
back heads are used, allowing the 
designer to suit the characteristics of 
the individual heads more specifically to 
the job they have to do. 

Either way, however, the signal re- 
covered from a magnetic replay head 


i between about 40KC and 100KC, l is quite small, being comparable to 
|] During the recording process, a large head assembly again, at the same that produced by a microphone. As 
proportion of this supersonic energy is speed as it was recorded. The tiny with a microphone, quite a high order 


fed to an ERASE head, being the first 
head over which the tape rides as it is 
drawn from the feed spool to the take- 
up spool. The signal in the erase head 
creates a powerful, supersonic magnetic 
field which is intended to erase or 
cancel any signal that may be on the 
track on which the new recording is to 
be made. 

A small proportion of the erase signal 
is taken also to the RECORD head, 
where it is combined with the audio 
signal to be recorded. Most likely this 
latter will have come from a micro- 
phone and will have passed through a 
number of amplifier stages to bring it 
to a level where it can produce adequate 
signal current through the windings in 
the record head. 

The reason for feeding some of the 
erase signal energy to the record head 
involves some rather obscure theory to 
do with magnetic recording and is 
beyond the scope of this article to 
Cover. 

We will have to be content with the 
statement that magnetic recording 
depends for its efficiency on the pre- 
sence of a fairly critical amount of 
supersonic signal in the record head, 
along with the signal to be recorded. 
Though it is usually taken from the 
erase oscillator, it is referred to, in 
relation to the record head, as the high 
frequency BIAS voltage. 

The audio signal and bias voltage fed 
lo the record head produce a magnetic 
field evident across a tiny gap in the 
exposed face of the head. As the tape 
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magnetised particles, drawn across the 


FROM BIAS (OR ERASE) OSC. 


jon, (a) the tape 

recording process, (b) tape playback 

and (c) signal erasure when the re- 

cording is no longer required or when 

a new recording is to be made on 
the same tape. 


of amplification is required from the 

amplifier itself, to bring the signal to a 

level adequate to operate a loudspeaker. 
And here we must introduce another 

consideration, which will have implica- 

tions wider than in tape recorders alone 
. . that of EQUALISATION. 


FREQUENCY DISCRIMINATION 


The natural characteristics of a mag- 
netic recording system is that it tends 
to record and replay most efficiently 
frequencies in the middle of the audio 
range — say between about 1000cps 
and 3000cps, lower frequencies and 
higher frequencies being very much 
reduced or ATTENUATED by com- 
parison. 

The amount of high frequency 
attenuation varies, in turn, with the 
speed of travel of the tape, At slower 
tape speeds, say 31 inches per second 
and below, the attenuation is much more 
serious than at higher tape speeds, say 
7% inches per second and above. 

To counteract this peculiarity, steps 
must be taken to BOOST the bass 
response and the treble response during 
recording and/or playback so that their 
level, as finally heard, is equivalent 
to that of the middle frequencies. The 
process of equalising the performance 
Of the system at all frequencies is 
commonly referred to as EQUALISA- 
TION. 


Here again, having mentioned the 
word and the concept, it is necessary 
to leave the reader to follow it up 


BASIC RADIO COURSE 


—— 


independently, as opportunity occurs. 
Jt must be sufficient to take note of 
magnetic tape and tape heads as a 
signal source and to register that they 
involve the need for (a) high ampli- 
fication and (b) suitable equalisation. 

As with microphones, so it is with 
lape recording and playback equipment 
in the matter of performance. 

The best studio and commercial tape 
Tecording equipment is very good in 
terms of equality or FIDELITY, exhibit- 
ing a minimum amount of intermodula- 
tion distortion, harmonic distortion and 
frequency distortion, In view of what 
we have just said about equalisation, 
this last remark implies that the equali- 
sation in the internal circuitry of a 
good quality tape system exactly bal- 
ances its inherent losses at bass and 
treble, so that the final response curve 
is exactly equalised, or is FLAT. 

With less costly and elaborate tape 
equipment, and because of resultant 
design compromises, the overall fidelity 
may not be as good, the output con- 
taining a higher content of 
modulation, harmonic and frequency 
distortion. In fact, with very cheap tape 
equipment, the overall distortion content 
can be quite high, to the point where 
it can seriously compromise listening 
ment 

equipment can also suffer from 
certain other important limitations on 
its performance. 

One of these is BACKGROUND 
NOISE, usually evident as a soft hiss 
heard behind the recorded sound. Some 
of this hiss can come from the record- 
ing amplifier, and some from the play- 
back amplifier, being an indirect result 
of having to amplify signals of such 
à small original magnitude. 


TAPE NOISE 


Noise can also be introduced as a 
result of random passage of the tiny 
tape particles past the gap in the replay 
head. A tape can be “noisy” if the 
magnetic particles are too coarse or 
too irregular in their distribution, or 
if the tape has not been properly 
erased prior to recording. 

Noise will also be more evident if 
the laminations in the replay head are 
partially magnetised rather than being 
magnetically neutral. 

Unfortunately, while, background 
moise is most common in inexpensive 
equipment, it is noted all too frequently 
in tapes made at professional level on 
professional machines. 

Other important limitations on the 
performance of tape equipment take 
the form of WOW and FLUTTER. 
Both are mechanical in origin. 

Tape equipment is said to exhibit 
“wow” if there is a slow, periodic 
variation in tape speed (a retition rate 
of say not more than once per second) 
causing a variation in the pitch of the 
recorded sound. Such wow is usually 
caused by some eccentricity in [the 
drive system, a bearing which tends to 
bind or a spool clutch mechanism which 
causes a varying load on the drive 
motor(s). 

Flutter is a much more rapid speed 
variation caused notably by unbalance 
or eccentricity in the motor and spindle 
E actually pulls the tape past the 


ad. 

In most modern recorders, domestic 
as well as professional, the wow and 
flutter content are held to within accept- 
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LAMINATED POLE PIECES 


GAP FACES 


Figure 4: Illustrating the construction 

head. The field tends 

to concentrate along the gap faces, 

which are separated, typically, by 
-00Tin or less. 


Figure 5: The head assembly from a 

Collaro tape deck. At left is the 

erase head and, at right, a head 

which is used alternatively for re- 

cording and replay. Note the separate 

pole faces for multiple track 
recording. 


able limits but, im some of the very 
cheap battery portable equipment cur- 
rently being offered, wow is so bad 
that the equipment is quite unusable 
on music. 
, Perhaps brief mention is warranted, 
just here, of the varying track arrange- 
ments used in tape equipment. Normal 
recording tape is 4-inch wide and 
earliest practice was to record right 
across the full width of the tape. This 
is still done in professional recordings. 
Subsequently, it became the prac- 
tice to record two tracks on the tape, 
Side by side, each somewhat less than 
half the width of 
the tape. HALF- 
TRACK recording 
allows twice the 
playing time from 
a given reel of tape 
at any given speed. 
Nowadays, 
QUARTER 
TRACK recording 
is quite common- 


place, 


Figure 6: Taken 
from our files and 
somewhat dated, 
this picture nevel 
theless epitomi 
care which 
into the 
preparation of a 
master recording. 
Here C. 
engi les 
a test track with 
the aid of a 
permanent micro- 
scope and inspec- 
tion light. 


The use of narrower tracks does 
involve some loss in overall perform- 
ance, but quarter-track recording can 
still give acceptable results for domes- 
tic applications. 

While tape recording and replay 
equipment is currently in very wide 
use, the most popular medium for 
recorded sound entertainment remains 
the disc; the descriptive words "phono- 
graph" or "gramophone" have become 
almost redundant in modern usage 
except perhaps for the contractions 
"gram" or “gramo.” 

At a manufacturing level, discs have 
the basic appeal of ease and economy 
of mass production, to the extent that 
there is no embarrassment at all if a 
"hit" disc sells a million copies in a 
relatively short period. At the user level, 
discs are easy to handle, easy to code 
in terms of artists and selections, lend 
themselves to attractive packaging and 
can produce sound quality which is ade- 
quate for present-day requirements. 

On a disc, the recording is retained 
as tiny deviations in a spiral track. In 
a sense, the track can be regarded as a 
mechanical graph or plot of signal wave- 
form against time. 

An original or master disc recording is 
made on a RECORDING LATHE, 
which carries a recording head. slowly 
across the surface of the disc, from out- 
side to inside, as the disc rotates at pre- 
determined speed beneath it. The result- 
ing spiral track is cut by a specially 
shaped diamond stylus protruding be- 
neath the recording head. 

A coil and magnet system within the 
head, fed from an external amplifier, 
drives the stylus, so that it vibrates lat- 
erally, and sometimes vertically as well, 
in sympathy with the audio signal which 
is to be recorded. As a result, the spiral 
track deviates in accordance with the 
actual pattern of audio waveforms which 
has been fed to the stylus. 

By a process involvin, 


spraying and 


electroplating, the original recorded track 
can be transferred to metal STAMPERS. 
or DIES and used to stamp out any re- 
quired number of copies of the master 
disc for distribution to the public. For 
all practical purposes, the disc which you 


buy carries a track identical to the one 
cut in the original master. 

To reproduce the recorded sound, the 
disc is replayed — nowadays — with a 
PICKUP. This has fine stylus which 
traces the spiral groove as the disc ro- 
tates. The tiny waveform serrations in 
the groove impart a corresponding motion 
to the stylus which actuates a mechanism 
inside the pickup head capable of gen- 
erating a corresponding electrical signal. 

This is built up in an amplifier to a 
level where it can operate a loudspeaker, 
in the usual way. 

The disc technique has undergone 
drastic revision within the living memory 
of many readers. 

Originally, disc recording and play- 
back was an entirely mechanical pro- 
cess, involving no electrical amplifica- 
tion whatever. The sound to be recorded 
was collected in a large horn and con- 
ducted through tubing to a diaphragm 
attached to the recording stylus, so that 
the sound waves actuated the stylus 
directly, 

For playback, the disc was tracked 
by a steel needle attached directly to a 
diaphragn. This vibrated and created 
air waves which were conducted into 
the listening room by tubing and a 
flared horn. 

Because the system relied on the 
direct transfer of mechanical energy 
throughout, its specifications needed to 
be "robust" so that heavy diaphragms, 
steel needles, relatively large grooves and 
coarse-grained record materials were ac- 
cepted without too much question. This 
was the era of the early 78r.p.m. discs. 


ELECTRICAL RECORDING 


er, the techniques of using elec- 
trical cutting equipment and then elec- 
trical reproducing equipment removed 
many of the limitations of the mech- 
anical system. More types of sound 
could be successfully recorded, the fre- 
quency response of the system could be 
widened and flattened, harmonic dis- 
lortion reduced, with a reduction also in 
the noise content contributed by the 
coarse grained disc materials. 

However, while enormous advances 
were made along these lines, the tradi- 
tional standards of groove dimension and 
record speed were retained up till the 
end of World Warr II. 

At this juncture sound engineers be- 
gan to accept the fact that the old stan- 
dards were needlessly cumbersome in a 
situation where disc recording no longer 
relied on the direct transfer of mech- 
anical energy from cutting to reproduc- 
ing stylus. In other than retarded coun- 
tries, electrical amplification was uni- 
versal in record playing equipment. 

Groove dimensions could be drasti- 
cally reduced, record speed likewise, non- 
abrasive disc materials and gem styli 
could minimise noise and wear problems, 
and playing time could be dramatically 
increased, 

Vital to the latter point was the fact 
that, meanwhile, magnetic recording had 
been developed to the point where 
Original recordings could be assembled 
On a lape, mistakes could be edited out 
and the whole thing checked and timed. 
Then the material could be transferred 
to a master disc, without fear of the 
effort being ruined by an inadvertent 
error on the part of a performer. 

So after the war came the era of 
“fine groove” or microgroove discs, in- 


tended to be played with sapphire or 
diamond styli, contoured to a spherical- 
shaped tip of radius .001in. : 

Two major standards emerged — 7- 
inch diameter discs turning at 45 r.p.m. 
and 12-inch diameter discs turning at 33 
r.p.m. 

Nowadays, 7-inch discs are issued as 
"singles" (single play) or as "EP's" 
(extra play), The "singles" carry one 
item per side, while the "EPs" carry 
two items per side. 

The 12-inch discs are used for major 
musical works, with a playing time of 
20-30 minutes per 
side, or for popular 
recitals with, usually, 
five tracks per side. 

The quality of re- 
production from cur- 
rent fine groove (or 


Figure 7 (right) 
shows a B & O 
magnetic pickup 
which has had 
fairly wide use 
in Australia. It plays micro- 
groove records only — not 78's. 
Figure 8 (below) shows an Acos 
turnover crysta! cartridge. This 
has two styli, one for fine groove 
(33 and 45 rpm) records and the 
other for 78 rpm records. The 
appropriate stylus is presented to 
the record surface by turning the 
cartridge over with the knob 
protruding from the front. 


long playing or LP) discs varies widely. 


In the popular "hit parade" field, 
quality is made secondary to immediacy 
of issue and, often, the overall distor- 
tion is tolerated only because they are 
played on nondescript equipment by a 
non-critical audience. 

For the average long playing disc 
much higher standards of reproduction 
are sought and maintained, while there 
is a high proportion of modern discs 
which qualify — by current standards 
—in the "excellent" to "superb" class. 
As often as not, the ultimate quality of 
such discs is limited, not by their own 
inherent characteristics, but by the origi- 
nal recording situation and the original 
tape equipment. 

They compare very favourably with 
mass-produced pre-recorded tapes. 

As with magnetic recording, prob- 
lems of equalisation occur also with 
disc recording, though for different rea- 
sons, 

In the case of disc recording, there 
is a tendency for low frequency audio 
waveforms to produce excessive devia- 
tion, leading to a danger of waveforms 
on one section of the track breaking 
through into waveforms on adjacent 
tracks. 

At the other extreme, waveforms cor- 
responding to high audio frequencies 
tend to diminish in physical dimensions 


to scarcely perceptible serrations in the 
sides of the groove. 

To minimise these problems, and by 
common agreement, recording com- 
panies now manipulate the frequency 
response of their recording systems to 
restrict (a) the natural increase in wave- 
form magnitude with decreasing fre- 
quency and (b) the natural decrease in 
magnitude with increasing frequency. 

The amount of such restriction is 
stated in the so-called RIAA recording 
standard and its effect is to produce 
to a CON- 


something much closer 


STANT AMPLITUDE recording char- 
acteristic. 

If one were to feed into such a sys- 
tem a tone of constant loudness but 
gliding in frequency from very deep bass 
to very high treble, the resulting waves 
recorded on the disc, while varying in 
length along the groove, would not ex- 
hibit too great a variation in side-to- 
side deviation. 

Putting this another way. it can be 
said that present-day practice is to at- 
tenuate the bass and boost the treble, 
while recording a di in order to 
achieve a more convenient recording 
characteristic, 

This has to be taken into consider- 
ation for playback, where bass needs 
to be boosted and treble needs to be 
attenuated for the final sound, as 
heard, to be level, or equalised, 

For replaying records, two classes of 
pickup are now widely used. 


CRYSTAL PICKUPS 

By far the most numerous is the so- 
called “crystal” pickup or, to rive it its 
proper name, the “piezo-electric” pick- 
up. 

In this type of pickup the stylus is 
attached, directly or through a tiny 
lever system, to a slab of material ex- 
hibiting the piezo-electric effect. Such 
materials produce an electrical poten- 
lia] between certain faces when they are 
subjected to physical stress. 

In a piezo-electric pickup, movement 
of the stylus stresses the material. pro- 
ducing a signal voltage between two of 
its faces, directly related to the move- 
ments of the stylus and the deviations 
of the recorded groove, The signal 
voltage developed by the piezo-electric 
element is picked up by metal foils 
cemented to the relevant faces and made 
accessible by attached wires. 

When this signal is passed through an 
amplifier to a loudspeaker, it produces 
a sound similar to the sound originally 
recorded. 

Two important characteristics of 
piezo-electric pickups account for their 
very wide use. 

The first is that they tend inherently 
to boost the bass response and to at- 
tenuate the treble, in playing a record. 
By a certain amount of manipulation 
in their design, it is possible to make 
this inherent characteristic just about 
balance out the reverse characteristic 
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Wd for recording. As a result, they 
Teed mo special provision for equalísa- 
Tion in the amplifier system. 

The second factor is that their signal 
Lontpur voltage is fairly high, so that it 
“can be fed into the same general class 
~ bf amplifier as might be used, for ex- 
~ ample, to follow the detector of a radio 
bf television receiver. This makes it 
"very simple to produce combination 
C Mlio-receivers and record players, be- 

ease the same amplifier and loud- 

‘speaker system can be switched to serve 

tilher function. 

Two types of piezo-electric pickup are 
— jn common use. In the original and 
still, popular CRYSTAL pickup, the 
piezo-electric element is a slab of roch- 
tlle salt, In practice, it suffers the 
major disadvantage of being liable to 
deterioration under conditions of high 
temperature and high humidity, a cer- 
tain number of failures occurring on 
this account. 


CERAMIC PICKUPS 


The second type is the so-called 
CERAMIC pickup (or cartridge) where 
the piezo-electric element is a piece of 
Specially manufactured ceramic, Pickups 
Of this type are not affected by tempera- 
ture and humidity and are gaining 
favour on that account. They deliver 
à somewhat lower signal output voltage 
than a normal crystal type, but it is 
Usually sufficient still to avoid the neces- 
sily for special amplifier circuitry. 

As distinct from piezo-electric pick- 
ups the other major class is the MAG- 
NETIC pickup. These pickups all in- 
Yolve coils of wire and a magnetic field 
provided by a tiny, in-built permanent 
magnet, Their mechanisms vary widely 
in detail, but they all rely on the stylus 
affecting a change in the relative posi- 
lion of turns of wire and magnetic lines 
of force. As a result of this relative 
movement, signal current is induced in 
the coil (or coils) being brought out 
pou leads for subsequent amplifica- 
ion, 

A great deal of effort has been direct- 
ed to refining the design of magnetic 
pickups to achieve the highest possible 
order of fidelity, along with low-track- 
ing weight, in the interests of minimum 
record year. The refinement has in- 
volved not only the signal generating 
stem—or cartridge—but the pickup 
arm and the bearing system on which 
it moves. 

This effort has resulted in a range of 
magnetic pickups being available 
throughout the world, with extremely 
good performance characteristics — but 
quite highly priced in comparison with 
the more common piezo-electric types. 

Magnetic pickups, as a class, deliver 
a relatively low level of output signal, 
approximating that from a microphone 
or magnetic replay head. Unlike piezo- 
electric pickups, they provide no inher- 
ent correction for the original recording 
characteristics so that the amplifier into 
Which they operate must provide high 
gain and full frequency compensation 
as well, The need for a special ampli- 
fier involves extra complication and 
further cost, 

Now for a brief look at the subject 
of amplifiers. 

Because this is so large and the space 
available is so restricted, it may be help- 
ful to cover some of the necessary 
ground, glossary style, listing and ex- 
plaining terms which occurr very fre- 
quently in discussions about amplifiers. 

POWER OUTPUT: This is the amount 
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of audio power which an amplifier, with- 
out producing serious distortion, can de- 
liver to a loudspeaker. Australian prac- 
tice has been to expresss this power in 
watts RMS, although the practice has 
grown up in America of expressing it 
in peak watts or peak music power, 
allowing advertisers to quote a figure 
which looks bigger on paper. In transis- 
tor portable receivers, the available 
audio power lies in the range 0.1 to 
0.4 watt RMS, In mains powered dom- 
estic radio and television receivers, from 
2 to 6 watts of power is usually avail- 
able, while special- 
ised "hi-fi" amplifier 
equipments range 
between about 6 and 
30 watts RMS. 
GAIN or AMPLI- 
FICATION: This re- 
fers to the amount 
of amplification 
which is available in 


Figure 9: Design- 
ed by our tech- 
nical staff for 
home  construc- 
tion, this 107 
Playmaster tuner-amplifier is a 
commonsense compromise between 
ordinary radiogram standards and 
the somewhat exotic systems used 
by no-compromise hi-fi enthusi- 
asts. It provides for stereophonic 
reproduction. 


in an audio amplifier system and is really 
a measure of the magnitude of signal 
which has to be fed into it to obtain its 
maximum power output. From what has 
been said in earlier pages, it will be ap- 
parent that an amplifier which has to 
work from a microphone or magnetic 
pickup will need more gain or amplifica- 
tion than one which has to work from 
a crystal pickup or radio tuner, 

FIDELITY or QUALITY: These are 
comprehensive terms which describe the 
correspondence between the reproduced 
and the original signal. A good amplifier 
is one which is characterised by high- 
quality reproduction or HIGH FIDEL 
ITY, Using negative rather than positive 
terms, it could be said that such an 
amplifier will introduce a minimum of 
distortion, 

DISTORTION: This term has already 
been explained, As with microphones 
and pickups, an amplifier can introduce 
frequency distortion, harmonic distortion 
and intermodulation distortion. 

INSTABILITY: An amplifier can 
oscillate, either due to an internal de- 
sign fault or because of incorrectly made 
connections, The oscillation may occur 
at an audible frequency and be heard 
a "plopping" noise, a growl or a 
le, depending on its pitch. Altern- 
atively, it may occur at a supersonic 
frequency and, while it will not then be 
directly audible, it will generally affect 
the performance of the amplifier in 
other respects, often causing a severe re- 
duction in power output. 

HUM: Hum is a fairly familiar prob- 
lem in amplifiers operating from the 
power mains, being evident as a consis- 
tent low-pitched humming sound. It is 
due to energy from the AC power mains 
reaching the amplifier circuitry through 
lack of filtering in the power supply, 
through poor design in other respects, a 
faulty component or by  unsuit- 


able arrangement of the signal input 
leads. 

NOISE: As distinct from hum, an 
amplifier may produce a certain amount 
of noise, most evident when the volume 
control is turned towards maximum. 
Most amplifiers produce some noise, evi- 
dent as a gentle hissing or rustling sound, 
but it can reach objectionable propor- 
tions as a result of poor design or a 
faulty component. 

By far the largest number of audio 
amplifiers in common use are those 
which serve as the audio systems of 


ordinary radio and television receive 
Their power output, as already indi 
ed, is modest, being no greater then 
necessary — or convenient — for the 
particular class of use. 

Their gain, or amplification, is also 
modest, since they need operate only 
from the comparatively substantial signal 
available from the detector, 

_. The order of fidelity required might 
typically warrant such descriptions as 
“fair only” for small transistor receivers 
or “reusonably good” in the case of dom- 
estic radio and television receivers. Li 
teners usually accept the sound from 
radio and TV receivers without. much 
question, provided it is not positively 
"unpleasant" or "harsh" — which is as 
good as saying that the distortion level 
may be high but not intolerable. 

In terms of facilities, the minimum 
requirement is a VOLUME CONTROL, 
being normally a potentiometer which 
affords control over the amount of sig- 
nal passing through the amplifier and 
therefore the loudness of the sound, as 
ultimately heard from the loudspeaker, 

‘A large number of receivers also have 
a TONE CONTROL which usually takes 
the form of a potentiometer, so arranged 
in the circuit, that its operation allows 
the treble response to be reduced at will. 

It might be considered that use of a 
tone control in this way is a form of 
deliberate frequency distortion and this 
may well be true. However, many list- 
eners seem to like the "mellow" kind 
of sound which results from attenuating 
the higher frequencies and provision of 
a control for this purpose is, at one 
time, a concession and a sales feature. 

Where a receiver is to be used as 
part of a "radiogram," with the com- 
bined facility of playing records, there 
follows the implication that the user 
may be rather more critical than usual, 
and more demanding in terms of fidelity. 

There is a tendency, therefore, for the 
amplifiers in radiograms to be designed to 
marginally higher standards and, in some 
cases, lo provide separate knobs for 
controlling independently the level of 
bass and treble. 

While these controls can conceivably 
be used to improve the sound from a 
record which exhibits questionable bass- 
to-treble balance, they are more fre- 
quently used to modify the sound to the 
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Full Vision Dial Cat. No. 598. The epicyclic, ball-bearing drive 
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approximately 10 to 1. The movement is smooth and free from 
backlash. The dial escutcheon measures 6” long by 41^ wide 
plus a ji" lip. The scale is marked 0—100 over 180°, and is 
5” across. A large fluted instrument knob is fitted. Ripple black 
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way the listener happens to prefer it, 

Over and above the large number of 
people who own and use radiograms 
on a fairly routine or casual basis, there 
are many with a lively interest in repro- 
duced sound and these fill the ranks of 
the so-called high fidelity enthusiasts. 
We shall have something to say later 
about the whole subject of high fidelity 
and this will involve further reference 
to amplifiers, as well as to all other 
units in the reproducing chain, 

However, it is appropriate to note here 
that high fidelity enthusiasts, as a class, 
tend to purchase or build amplifiers with 
facilities and performance figures well 
ahead of the amplifiers used in ordin- 
ary radiograms. 

Very frequently, they include an extra 
amplifier stage, referred to as a PRE- 
AMPLIFIER, to enable them to operate 
from the low level signal produced by 
a magnetic pickup. This provides the 
extra amplification necessary, as well as 
the requisite frequency compensation or 
equalisation, 

Then, too, the amplifiers often incor- 
Porate a special tone control stage pro- 
vidine facilities for treble boost or treble 


DON'T MISS OUT 

Make certain of your monthly copy 
of ELECTRONICS Australia and 
avold disappointment by placing an 
order with your newsagent, or take out 
a subscription and have your copies 


mailed each month. Subscription rates 


for anywhere in world will be 
supplied on request by the Subscription 
Manager, ELECTRONICS Australia 
Box 2728, G.P.O., Sydney. 


cut, and bass boost or bass cut. With 
these controls, the listener can vary the 
balance of the sound reproduced to suit 
his own tastes, whatever these may be. 

As already mentioned, the power out- 
put available from special quality ampli- 
fiers is usually quite high, in the range 
of say 6 to 30 watts. 

Precautions are taken also to ensure 
a low order of harmonic intermodula- 
tion distortion from the amplifier. This 
is secured automatically, in part, by pro- 
viding for high power output so that, in 
practice, the amplifier is always operated 
well below its maximum capacity. In 
addition, however, the circuit and com- 
ponents are selected with greater empha- 
sis on performance and less on cost and 
complexity. 

Considerable attention is paid also to 
filtering and to other points in the de- 
sign which might affect the inherent 
hum level. Because the loudspeaker 
systems used in a high fidelity installa- 
tion are likely to be very efficient at 
50 and 100 cps, the two main hum 
frequencies with 50 cps. power mains, 
an amplifier hum level which might be 
unnoticed in a fairly nondescript receiver 
or record player, may be quite objec- 
tionable in a premium quality installa- 
tion. 

As far as actual design is concerned, 
quality amplifiers vary widely, both in 
physical appearance and elecirical cir- 
cuitry. However, while many claims 
and counter-claims are made, it is not 
difficult to produce these days, either 
valve or transistor type amplifiers which 
have excellent characteristics and which 
add very little to the total distortion 
of a reproducing system. 

At this point, lack of space compels 
us to hold over the rest of this chapter 
until next issue. Next month, we shall 
be talking about loudspeakers and baffle 
systems, hi-fi reproduction and stereo- 
phonic systems. 
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CHAPTER 17 — Continued 


ROM amplifiers, we pass to a brief 

discussion of loudspeakers. Since at 
least 1930, the vast majority of loud- 
speakers used for sound reproduction 
have been of the so-called DYNAMIC 
type, making use of the moving coil 
principle of operation. 

In this type of loudspeaker, a small 
solenoid coil, wound usually on a paper 
former, is attached to the apex of a 
cone, (See figure 10.) The cone is sus- 
pended within the frame of the loud- 
by a corrugated ring or a 
“spider” around the apex, and a corru- 
gated cloth or ring around the periphery. 
So suspended, it is able to move back 
and forth, although it always tends to 
return to an intermediate or rest position. 

The moving coil or VOICE COIL 
attached to the apex of the cone is ar- 
ranged to be inside a magnet structure 
which envelopes it in a strong magnetic 
field. (Figure 11. Initially, the coil 
structure is not affected by this field be- 
cause it is made of copper wire and 
wound on a paper former — both non- 
magnetic substances. 

However, if audio current from the 
En is passed through the voice 
coil, the current sets up a magnetic 
field which interacts with the fixed mag- 
netic field, causing the coil to move 
rapidly back and forth with the alter- 
ations of the audio current. In fact, it 
behaves as an elementary type of motor, 


AIR. WAVES 


As the coil vibrates back and forth, 
it imparts the same motion to the cone, 
setting up air waves which recreate the 
original sound. 

During the 19305 the vast majority of 
dynamic (i.e. moving coil) loudspeakers 
used an electromagnet system to provide 
the fixed magnetic field, because this was 
the most convenient and effective way 
at the time. Surrounding the voice coil 
was a structure of soft iron enclosing a 
quite large coil containing, usually, many 
hundreds or even many thousands of 
turns of copper wire. 

Current was passed through this so- 
called FIELD coil, sometimes from a 
separate DC power supply and sometimes 
by wiring the field coil directly across 
the high tension supply in the associated 
receiver or amplifier. A third and popu- 
lar arrangement was to wire the field 
coil in series with the power supply. 
so that it functioned also as a filter 
choke. 

The DC resistance was an important 
characteristic of a field coil, since it 
had to suit the voltage and current 
available from any particular power sup- 
ply, receiver or amplifier. 

The DC resistance of loudspeaker field 
coils ranged, commonly, from about, 700 
ohms to about 7000 ohms. Values from 
700 to 2500 ohms were most frequently 
involved in the “filter” connection, while 
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those above 2500 ohms were frequently 
connected directly across HT supply cit- 
cuits. 

The actual wattage dissipated in the 
fields, being also a measure of the 
strength of the magnetic field produced, 
ranged from 3 or 4 watts in very mall 
loudspeakers to about 25 watts in very 
large ones. 

During World War II a great deal of 
research went into the production of 
pemanan magnets and, as a result, it 

ecame possible to produce permanent 
magnets for loudspeakers which could 
provide the same field density — or 
greater — than from electromagnets, 
much more easily and cheaply than 
before. 

As a result, field coil type or ELEC- 
TRODYNAMIC loudspeakers gave place 
almost entirely to loudspeakers using 
permanent magnet fields. These may be 
described in full as “permanent magnet 
dynamic loudspeakers,” being more fre- 
quently contracted to “permags.” In fact, 
this type of loudspeaker is now so unì- 
versal that a permanent magnet field is 
taken for granted, electrodynamic units 
being found only in old equipment. 

A second major factor to do with 
dynamic loudspeakers is the resistance or 
impedance of the voice coil. This coil 
has to be relatively small and light, to 
be able to vibrate at audio frequencies. 
Up till quite recently, it has been taken 
for granted that the coil will necessarily 
have too low a resistance or impedance 
to make much use of the audio energy 
available to it from an amplifier. 

As a result, it has been standard 
practice to provide a coupling transform 
er — or OUTPUT transformer — be 
tween the amplifier and loudspeaker. The 
transformer is given a turns ratio such 


Figure 10: Rear view of a typical 

loudspeaker cone, with the voice coil 

cemented to its apex. Special flexible 

leads connect the voice coil to lugs 

or terminals mounted on the cone 
housing. 


that it can MATCH the output load 
requirements of the amplifier to the re- 
sistance or impedance of the loud- 
speaker voice coil. The output trans- 
former is sometimes fitted into the ampli- 
fier, sometimes attached to the 
loudspeaker frame, as in figure 13. 

In considering a loudspeaker, therefore, 
certain vital specifications are involved 
—the voice coil impedance of the par- 
ticular loudspeaker, the load re- 
quirements of the amplifier to which it 
is to be connected, the provision of an 
output transformer which can "match" 
ihe two and the physical size and posi- 
tion of the output transformer. 

a A, 
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Figure 11: A dynamic (i.e. moving 
) loudspeaker, sketched in cross- 
section. Note the flexible support 
around the edge and the apex of 
the cone. The mag field 
surrounding the yoice coil can 

provided either by an electromagnet 

or a permanent magnet. 


Earlier, we hinted at exceptions to 
the normal procedure of using an out- 
put transformer between amplifier and 
loudspeaker. 

The exceptions fall into two general 
classes, The first involves a few speci- 
ally designed valve amplifiers capable of 
feeding directly a few equally special 
loudspeakers having voice coil impe- 
dance of between about 400 and 800 
ohms. 

The second includes some transistor 
amplifiers capable of operating directly 
into voice coils of more usual values 
—beiween aboul 4 and 30 ohms. 

As most readers will probably know 
already, loudspeakers vary in size from 
ihe very tiny units used in transistor 
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portable receivers to very large units, 
12 to 18 inches in diameter, used in 
home hi-fi systems, electronic musical in- 
struments, public address, theatre sys- 
tems and so on. 

Very tiny loudspeakers are broadly 
capable of doing no more than pro- 
ducing the limited kind of sound heard 
from baby transistor receivers. The 
potential quality rises with cone size 
but, from nominal 6-inch loudspeakers 


as mere size influence the 
quality of sound, 

If advertisements are to be be- 
lieved, there are no poor loud- 
speakers in this class, only good 
through to superb! In fact, how- 

ever, quality of reproduction 
varies enormously and the new- 
comer, surveying the scene, must 

rely partly on independant recommen- 
dations and the general principle that 
quality follows price, at least in a 
measure, 

Perhaps it should be mentioned that 
the majority of loudspeakers are de- 
signed for and used as full-range unit 
that to say, they are fed with the 
full range of frequencies available from 
the amplifier and reproduce those fre- 
quencies to the extent of their ability 
to do so, Not unexpectedly, some loud- 
speakers are much better than others 
in this respect. 


FREQUENCY BANDS 


Where extra cost can be tolerated, 
there is some advantage in splitting up 
the frequency range so that all the 
lower frequencies are handled by one 
speaker (say below 3,000cps) while the 
higher frequencies, are handled by an- 
other. Or, again, three speakers may be 
used as a group with one handling fre- 
quencies below say 400cps, another fre- 
quencies between 400cps and 5,000cps 
and æ third handling frequencies above 
5,000cps. 

Where this is done, it is usual to select 
loudspeakers designed to handle the ap- 
Propriate range of frequencies. 

Those designed to handle only the 
lower frequencies are commonly referred 
to as “WOOFERS,” while high frequency 
loudspeakers have acquired the name 
“TWEETERS.” Where a MID-RANGE 
loudspeaker is used, it is commonly a 
general-purpose type, but fed only with 
the middle frequencies, 

To divide up the signal in terms of 
frequency, so that it can be diverted 
to this loudspeaker or to that, FRE- 
QUENCY DIVIDER NETWORKS are 
commonly employed, involving one or 
more inductors and one or more capaci- 
tors interconnected with the loudspeak- 
ers, As an illustration of the use of 
divider networks, reference can be made 
to last month's article on the “Play- 
master Bookshelf Loudspeaker Unit.’ 

For proper results, a moving coil 
loudspeaker must be provided with some 
form of BAFFLE system. 

When the loudspeaker cone vibrates 
at an audio rate, it alternatively com- 
presses and rarifies the air adjacent to 
its surface, creating sound waves. These 
move way from the cone at the normal 


ultimate 


Figure 14: An electrostatic loud- 
speaker. The diaphram occupies 
practically the whole area behind the 
grille. Electrostatic tweeters are only 
a few inches across but dimensions of 
a fuM-range type are more likely to 
approximate 24 inches. 
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upwards, other characteristics, as iA 


magazine, this drawing shows an 
early dynamic loudspeaker, with 
attached mains transformer and dry 
rectifier to energise its field coil. 


Figure 13: A post-war 6-inch permag. 


loudspeaker. Magnets can now be 
made smal for the same field 
strength, the lai being the so- 
called — "ceramic" magnets. The 
loudspeaker illustrated carries ii 
own matching transformer, present- 
ing a load, in this case, of 7000 
ohms. 


speed of sound—approximately 1,100 
feet per second. 

Ai frequencies above a few hundred 
cycles per second, the sound waves 
radiate fairly efficiently into the sur- 
rounding area, more or less as a broad 
beam of sound diverging from the sur- 
face of the cone. Sound is actually pro- 
duced from both surfaces of the cone— 
front and rear—but that from the rear 
is liable to be obstructed by the body 
of the loudspeaker and whatever sup- 
ports it. 

However, toward the 
the frequency spectrum, there is an 
increasing tendency for air, compressed 
as the cone moves in either direction, 
simply to flow around to the other side 
of the cone, where there is a zone of 
rarefication. Thus, instead of the loud- 
speaker radiating low frequency sound 
into the surrounding area, it tends simply 
io "pump" air back and forth around 
the periphery of the cone, 

As far as the listener is concerned, 
the loudspeaker becomes less and less 
efficient as the frequency is lowered 
and the reproduction therefore appears 
to be lacking in bass. 
To overcome the effect, it is necessary 
to limit the flow of air around the peri- 
phery of the cone and thus ensure that 
the low frequency pressure waves are 
propagated into the listening area. 
The most elementary baffling method 
is to mount the loudspeaker over a hole 
cut in a flat board. The larger the board 
the better, since it then provides more 
complete isolation between the front and 
rear of the cone. If the loudspeaker 
should be mounted in a dividing wall 
between two rooms, the isolation may 
then be virtually complete, 
Because neither flat baffle boards nor 
holes cut in a wall are a very practical 
solution to the problem, it is much more 
il, for domestic situatio to have 
loudspeaker of a radio/TV receiver 
or radiogram mounted in the front face 
of an ordinary radio or TV cabinet, 


SIZE IMPORTANT 


A large cabinet provides a fair degree 
of baffling and ensures reasonable bi 
response but, as the cabinet is shrunk 
towards “mantel” or "portable" size, 
bass response tends to shrink with it. 
The extreme is seen in the present crop 
of personal portable tansistor sets where 
the combination of a tiny loudspeaker 
and very little effective baffling results 


lower end of 


in reproduction which is completely 
lacking in bass. 
While the vast majority of loud- 


speakers are nevertheless mounted in 
radio and TV cabinets of one kind or 
another, those interested in better quality 
reproduction have put an enormous 
amount of effort into devising baffle 
systems — some to give optimum bass 
response, irrespective of size and price, 
right through to the other extreme, 
where the prime objective is small size 
with bass response preserved as far as 
possible. 

Baflle systems other than mere radio 
cabinets are usually dignified with the 
name ENCLOSURE. Loudspeaker en- 
closures are designed and built to a 
Variety of patterns and given a variety 
of names, which we can hardly pause to 
list here. However, those interested can 
pick up some useful background from 
the article in last month's issue, as 
already mentioned, on the Playmaster 
Bookshelf Loudspeaker. 

The discussion on loudspeakers has 
been confined to dynamic types and their 
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Tequirements for the reason that 
‘are, far and away, the most widely 
|, It must suffice merely to mention 
types which the reader may en- 


iter: 

[ORN LOUDSPEAKERS. Commonly 
for outdoor public address work, 
have a compact moving coil driver 
feeding into the small end of a 
“metal horn. Speakers of this type are 
"Nübstuntially weatherproof, highly direc- 
l and efficient over the range of 
frequencies, being therefore 
Il suited to public address applications. 
er, restricted frequency range 
ly limits their usefulness for re- 

producing music. 
ELECTROSTATIC LOUD- 
SPEAKERS. These have a very thin 
elallic membrane adjacent to, but 
ted from, a metallic back plate. 
audio voltages are fed between 
embrane and back plate, the mem- 
e vibrates and creates sound waves. 
device may be likened to a capacitor 
wing one plate flexible enough to 
Vibrate in the presence of applied signal 
voltage, Small electrostatic loudspeakers 
we been used frequently as “tweeters” 
t full-range electrostatic loudspeakers 
available, The latter are highly re- 
ded for their performance but have 
as yet, posed any significant chal- 
ipe to the conventional dynamic type. 
RIBBON LOUDSPEAKERS. These 
è the converse of the ribbon micro- 
phone. In the loudspeaker, a thin non- 
Magnetic metal ribbon, usually about 
by lin, is suspended in an intense 
tic field, When signal current is 
passed through the ribbon. it vibrates 
and sets up sound waves. Ribbon loud- 
‘speakers are suitable only as tweeters 
‘and, while capable of excellent results. 
"are expensive and rather easily damaged. 


STEREO REPRODUCTION 

To point in the chapter, it has 
been assumed that the total original 
sound is transcribed into a simple equiva- 

"lent signal voltage for recording, trans- 
‘mission, amplification and reproduction. 
În short, we have assumed a "single: 
thannel” system. 

Up to a few years ago, in fact, it 

Was scarcely necessary to consider any- 
thing else, for records, radio stations, 
{elevision stations and sound motion 

pictures all provided single-channel 
sound, as a matter of course and neces- 

sity. 

Sound, so reproduced, contains con- 
siderable "information" about the loud- 
mess and frequency content 
original, but no information about direc- 
"tion. Thus, while an orchestra may be 

heard as a whole, it is not possible to 
nominate, from the reproduced soun 
the relative positions of the various in- 
struments or instrumental groups. 

This remains true, whether the xe ial 
sound is picked up by one microphone 
or by several. Information relative to 
direction is lost immediately the total 
signal is combined into a single ampli- 
fier or recording or transmission channel. 

Once "directional" information has 
been sacrificed there is no way in which 
it can genuinely be recovered. At best, 
it can only be subsequently contrived 
or faked. 

However, for casual listening from 
tadio or records, the loss of directive 
information does not currently seem to 
matter a great deal, the sound as often 
as not providing a mere background to 
other activities. 

For television, single-channel sound 


pa 


BASIC RADIO COURSE 


also appears to be adequate, because the 
picture, to which the sound normally 
relates, is itself quite small or "localised." 

Films viewed in the theatre raise 
rather interesting questions. On the one 
hand it can be argued that the eye is the 
dominant organ and that the ear finds 
no difficulty in .zlating sound from a 
central loudspeaker system to action any- 
where on the screen. On the other hand, 
motion picture interests have considered 
it worth their while to provide multi- 
channel sound to go with their wide- 
screen film presentations. 


For readers of this the 


Course, 


Figure 15: Largs an-life picture of 
a magnetic stereo cartridge, with it 
four output lugs, one pair for each 
signa| channel. The stylus will move 
toth laterally and vertically, though 
it is not wise to try to verify this by 
pushing at it with a fingernail. Ex- 
cessive pressure may wel) damage 
stylus suspension. 


question is likely to be of preatest im- 
portance in relation to high quality re- 
roduction of music—for music lovers— 
in the home. 

It is certainly true that, over the years, 
single-channel sound has provided a great 
deal of pleasure to music lovers, be it 
at popular or classical level. This is, in 
no small measure, due to the knowledge 
and techniques of studio and recording 
engineers in being able to position in- 
struments and microphones to obtain 
optimum balance and definition with a 
single-channel, 

However, there is little doubt that 
loss of directive information is a serious 
one for the music lover. In a way, it 
can be likened to the loss of definition 
which results from deafness in one ear. 

(Try listening for a particular sound 
in a noisy room, with one ear blocked 
off, and the reader will gain some ap- 
preciation of what it means). 


FAKE SPREAD 


Enthusiasts have tried, in a variety 
of ways, to counter loss of directive in- 
formation from single-channel sound, 
with a view to producing more "natural" 
sound. Some have favoured multiple 
loudspeakers or woofer/tweeter com- 
binations with the individual units widely 
separated. Others have mounted speakers 
at oblique angles to bounce the sound 
from adjacent walls. Some have even 
preferred listening to sound from ad- 
jacent rooms, the actual source of the 
sound being thereby rendered less 
apparent. 

At best, however, such measures are 
a palliative and no real substitute for 
ihe directive quality missing from the 
reproduced sound. 

Audio engineers have known for 30 


or more years that directive qualities 
could be preserved in various ways. Per- 
haps the most obvious way is to arrange 
a number of microphones in front of 
the orchestra, or other sound source, 
conveying their individual signals to as 
many loudspeakers placed similarly in 
front of the audience. 

The loudspeakers virtually reconstitute 
the “spread” of the original sound and 
the listener has little difficulty in locating 
and concentrating attention upon indi- 
vidual instruments or groups. 

The real problem has been to take 
practical advantage of this knowledge. 

In terms of radio transmission, there 
has been no easy way to superimpose 
multiple signals on the one station 
carrier, while it has been equally im- 
practical to allot more than one trans- 
mitter to each program — to say nothing 
of the need for more than one receiver 
in every listening room. 

Similarly, there seemed no easy way 
to record multiple signals on the one 
track of a disc record — or at least not 
without introducing serious attendant 
problems. 


MAGNETIC TAPE 


Magnetic tape-recording offered the 
first promise of a breakthrough, because 
there was no particular difficulty about 
recording a number of tracks side by 
side on a tape or a magnetically coated 
film, each track representing the signal 
for an individual microphone/loud- 
speaker link, This is the course which 
has been followed by the movie industry. 

Despite the promise of tape, however, 
multiple-signal recording and playback 
found wide domestic application only 
with the successful development of discs 
carrying more than the conventional one 
signal, This development stemmed from 
the combination of an idea put forward 
by Blumlein in the early thirties, with 
the new microgroove techniques, and the 
further realisation that very convincing 
signal “spread” could be achieved with 
just two channels — left and right. 

Twin-signal recordings, designed to 
feed loudspeakers placed one to the left 
and one to the right of the listener, have 
come to be known as STEREOPHONIC 
recordings, commonly abbreviated to the 
single word STEREO. 


Stereo disc records and stereo disc 
record players — or STEREOGRAMS 
— are now commonplace, if not stand- 
ard, in Australian homes. 

Conventional disc recordings, carrying 
only the one signal, have come to be 
known as MONOPHONIC or simply 
Mono records. The term MONAURAL 
should be avoided in this context, since it 
really means “one ear." 

Just as there are mono and stereo disc 
recordings and playing equipment, so 
there are mono and stereo tape record- 
ings and players. 

"To all appearances, a stereo disc re- 
cord looks the same as a mono record 
but there is a vital difference in the way 
in which the groove is inscribed, 

In a conventional mono record, as de- 
scribed in the first part of this chapter, 
the groove deviates laterally and causes 
the pick-up to generate a signal when 
its stylus is vibrated from side to side. 

For a stereo record, a special cutting 
head is used in which the stylus tip is 
driven obliquely and independently by 
“left” and "right" signals, fed to different 
driving coils. The left channel signal 
tends to drive the stylus tip in one direc- 
tion, at 45 degrees to the surface of 
the record, while the right channel tends 
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to drive the stylus at 45 degrees in the 
other direction. 

It is not too far from the truth to say 
that the left and right-hand signals 


appear as separate indentations on op- FIDELITY, 
f 


posite walls of the V-shaped groove, 

However, because the recorded signals 
tend to drive the cutting stylus up and 
down, as well as from side to side, the 
groove in a stereo recording varies both 
laterally and in depth. This is a most 
important point to keep in mind. 

In a stereo pickup, the stylus is so 
mounted that it can move vertically, 
horizontally and obliquely to follow the 
groove, The generating system inside the 
cartridge, be it magnetic or piezo elec- 
tric, is arranged to deliver two distinct 
output signals, corresponding to respec- 
tive 45-degree movements of the styl 
tip and to the original "left" and "right" 
channel information. 

The two signals so produced are taken 
through two amplifiers to separate loud- 
speakers placed, preferably, several feet 
apart, To listeners seated in front of the 
loudspeakers, the sound appears to be 
spread out in a much more natural 
fashion than is possible from a mono 
System. 

It is generally agreed that, for ordinary 
domestic listening, the loudspeakers 
should be about ten feet apart, while the 
optimum listening position is equidistant 
from the speakers and at a point where 
one is about 30 degrees to the right and 
the other about 30 degrees to the left, 


STEREO TECHNIQUES 


Perhaps it should be mentioned that 
producers of stereo records follow vari- 
‘ous techniques to secure the effect they 
want. 

Classical orchestral records are gener- 
ally recorded in such a way as to pro- 
duce an even spread of the orchestra 
across the intervening space between 
the loudspeakers. Some popular music is 
recorded this way also, 

However, plenty of popular music i: 
arranged to emphasise channel separa- 
tion, so that a Jead sound may issue from 
one speaker, and the accompaniment 
from the other. 

It is also possible to manipulate a 
recording so that a soloist appears to be 
located close-up, midway between the 
loudspeakers, while the accompaniment 
is widely spread, 

Stereo records should only be played 
with stereo pickups, since these can be 
expected to have the necessary lateral 
and vertical COMPLIANCE (ie. the 
ability to move in a lateral or vertical 
direction) to follow the modulation in 
the stereo groove, 

While a mono pickup may seem to 
play a stereo record and produce from it 
an acceptable mono signal, there is a 
strong chance that it will damage the 
groove in so doing, 

However, while a mono pickup should 
not be used with anything but mono 
records, a stereo pickup can be used 
freely with either stereo or mono re- 
cords, The vast majority of stereo cart- 
ridges are fitted with styli having a tip 
radius of .0006in; this is a compromise 
dimension capable of tracing modern 
stereo records as well as the older mono 
33 and 45rpm discs, in which groove 
dimensions were not always so rigidly 
maintained, 

Incidentally, the term "microgroove" 
applies equally to mono and stereo 
33 and 45rpm discs, since the groove 
dimensions are similar and quite distinct 
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from the old wide groove standards used 
for 78rpm records. 

To round off this chapter, it may be 
appropriate to examine the term HIGH 
» Which is so much used, 
these days. 

Originally, it was used within the 
industry and by audio enthusiasts, 
do describe components and systems 
which could provide a higher standard of 
reproduction than they currently accept- 
ed as "standard." 

Thus, in purchasing a "high fidelity" 
pickup, amplifier or loudspeaker, one 
could reasonably expect to receive a bet- 
ter unit than the ordinary and cheaper 
item not so marked. 

Infringements of this general idea 
certainly occurred from time to time but 
the industry and enthusiasts generally 
found it convenient to sustain it. 

Naturally, the term, being a relative 
one, reflected the rising standards of re- 
production through the years. Products 
that might reasonably have been regard- 
ed as "high fidelity" at a particular time 
would be no better than was common- 
place a few years later, but this was 
only to be expected. 

In the 1950 era, following the intro- 
duction of magnetic recording and micro- 
groove discs, standards of musical re- 
production in the home rose sharply and 
this seemed to provide the signal for all 
and sundry to attach the words "High 
Fidelity" to their products, relative 
quality notwithstanding. 

To be sure, quite ordinary equipment 
of the post-1950 era could sound as well 
as earlier high fidelity equipment but the 
term rapidly lost its potential meaning 
for the public. It now appears on a large 
proportion of tape and record players 
offered for sale, and even on records 
of very dubious quality re-recorded from 
the 1930 era! 

However, while the term has been 
rendered valueless, as far as the public 
is concerned, it is still used within the 
industry and amongst audo enthusiasts 
in its genuine and original sense — to 
describe equipment capable of better 
than average performance by reason of 
extended frequency response, minimal 
distortion and adequate power handling 
capacity. It will probably continue to 
be so used, 

What is the connection between 
high fidelity and stereophonic repro- 
duction? 

This question is not as strange as it 
may seem, because the terms are often 
confused or regarded as alternatives. 

Basically, a stereophonic or multi- 
channel system represents another step 
towards more adequate sound reproduc- 
lion, because it reproduces “information” 
which a single channel system cannot 
present. 
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ahead: Components 


Just as it is possible to have a good, 
bad or indifferent mono system, so is it 
possible to have a stereo system which 
is good, bad or indifferent in terms of 
response, distortion and power output. 

What is better ... a high fidelity 
mono system or an ordinary stero 
system? 

This question can only be answered 
on a personal basis but neither answer 
is very satisfying because both fall short 
of current concepts and standards. The 
logical objective is a system combining 
both stereo and high quality. 

Nor is this quite as frustrating as 
might at first appear because, with rising 
equipment standards, quite ordinary 
stereo components compare favourably 
with high fidelity mono components of 
a past era. This observation extends 
even to lou dspeakers, where intensive 
effort has produced economical, high- 
performance systems like the R. 

H. "Playmaster Bookshelf' unit des- 
cribed in the last issue of this journal. 

Based on the foregoii it is possible 
to make some observations about high 
fidelity systems, using the word in iis 
traditional sense and related to present 
standards. 

SYSTEM: Stereo as a basic require- 


ment. 

SIGNAL SOURCE: Modern records 
or tapes, selected preferably for their 
quality, on the basis of published re- 
views. 

PICKUPS: High quality magnetic for 
preference, otherwise a crystal or ceramic 
which, according to reviews and reputa- 
tion, has better than average characteri- 
stics. 

TURNTABLE, ARM: Ideally pre- 
mium - quality components but other- 
wise ordinary good quality unit. Avoid 
"bargain" record changers, in fact any 
but the highest quality varieties unless 
there is a specific need for a changer. 

AMPLIFIER: Twin channel, with a 
minimum power output of 4 watts RMS 
per channel. Input facilities to suit the 
type of pickup selected, separate bass 
and trebel controls for preference, Bet- 
ter than average quality output trans- 
formers should be included (or trans- 
formerless circuitry) plus negative feed- 
back and other design precautions to 
ensure minimum distortion, 

LOUDSPEAKERS: Select highest 
quality types practicable according to 
recommendations and reviews, They 
should be placed about 10 feet apart in 
the ordinary home situation; closer spac- 
ing seriously deteriorates stereo effect. 

BAFFLE: Essential for adequate bass 
response. Be guided by recommenda- 
tions. Small random boxes and small 
open-backed cabinets are quite inade- 
quate, 
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CHAPTER 18: Electronic servicing. Servicing as a career. 


Training to be a serviceman. "Trades" courses, private study, 
"private colleges. Avoiding the "dead end" job. Practical experience 
and putting training to work. Servicing in practice. 

Diagnosis. Customer relations. Typical equipment. The 
Multimeter. Sensitivity and loading problems. The VTVM etc. 
The service oscillator. The sweep generator. The cathode ray 


oscilloscope. The audio generator. Valve and transistor testers. Service da 


d is a vitally important 

part of the whole electronics in- 
“dustry and, today, this embraces a much 
"Wider field than that of radio and tele- 
— vision sets, Electronics, in one form or 

—— another, has invaded almost every phase 
‘of our modern life and, wherever there 
is a piece of electronic equipment, there 
js a need for someone with skill and 

— knowledge to maintain it in proper 
working order. 

This fact holds a promise not only 
of à continuity of service work, but of 
increasing scope. 

But what is a radio—or should we 

say an electronic — serviceman? How 
does he acquire this status? What are 
T his qualifications? How does he go 
about his job? What equipment does 
he use? These, and similar questions, 
are invariably asked by members of the 
ising generation who are seriously con- 
sidering a career in electronics, and to 
whom servicing may have an appeal. 
' lt is the purpose of this chapter to 
try to answer these questions, at least in 
La general way, Fairly obviously, we 
— cannot tell you how-to-be-a-serviceman- 
jin-one-easy-lesson; no one can hope to 
do that. But we can provide some 
useful background, which will better 
tnable the reader to appreciate what is 
involved if he elects to choose such a 
calling, 


WISE CHOICE 


For those who are seeking something 

È other than the routine of factory mass 
production but who feel that, for various 

I fenons, they cannot advance to engin- 
tering level, servicing could be a wise 
choice. 

In spite of all the attempts to make 
it otherwise, a good serviceman still has 
lo think and, if he has any liking for 
his job at all, there is little chance that 
he will stagnate technically. On the 
contrary, the rapid growth of electronics 
provides a continual challenge to move 
beyond the routine to more specialised 
—and more remunerative—fields. 

How does one become a serviceman? 

At present, there are few, if any, 
"hard and fast rules but, these days, any- 
‘one who shows an aptitude for the job 
“should have little difficulty in finding 
“employment which will provide the 
necessary practical training. At the 
same time, the would-be serviceman 
Must be prepared to study diligently” if 
he is really to. get anywhere. 

What are his qualifications? 

Again, there are few hard and fast 
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rules, a fact which many people deplore, 
believing that a certain minimum stan- 
dard of proficiency should be demanded 
before a person is allowed to offer his 
services to the public, Be that as it 
may, the truth is that, in this country, 
there is very little to stop almost any- 
one calling himself a radio/TV service- 
man. 

Whether he can maintain such a 
front is quite another matter, involving 
honesty, personality, business ability— 
and technical knowledge. 

However, for his own benefit and that 
of future customers, the aspiring service- 
man should consider nothing less than 
a thorough basic training at around 
trade-course level, plus as much prac- 
tical experience as he can get. There 


THE SERVICEMAN 

This chapter of the Basic Radio 
Course has been written, logically 
enough, by the The Serviceman, 
author of à regular monthly article 
in “ELECTRONICS Australia.” If 
you want to follow this serie: 
place an order for “ELECT- 
RONICS Australia” with your 
newsagent now, 


is little doubt that a good serviceman 
is a balanced combination of basic train- 
ing and practical experience, with each 
aspect as important as the other. 

In line with this, the would-be ser- 
viceman should have aimed, as a mini- 
mum requirement, at passing the ex- 
amination at the end of three or four 
years of secondary school, which norm- 
ally qualifies for a tertiary "trades" 
course, apprenticeship and so on. 

The difficulty then arises as to where 
to go from here, For most other trades, 
there is an established pattern of ap- 
prenticeship and training but, because 
of its relatively short history, the "trades- 
man" pattern in the electronics industry 
is still very much in the formative stage. 

Nevertheless, at many centres where 
tertiary education is available, students 
should be able to find courses offering 
à substantial content of electrical and 
electronic fundamentals. They may not 
be aimed at producing certificated elec- 
tronic servicemen and they may, in fact. 
produce a trade qualification of a quite 
different type. But such qualification 
will be no load to carry and it will 
provide a very useful practical and 
theoretical basis from which a career 
in servicing can be developed. 


Vocational guidance officers should be 


able to assist in choosing the best 
course at the various centres. 
By and large, "trade" courses are 


mot so onerous as to prevent the willing 
student from supplementing the oflicial 
syllabus with parallel reading and some 
kind of parallel practical work, 

The latter is most important if the 
student is to develop any tie-up between 
theory and practical equipment. 


PARRALLEL STUDY 


Do-it-yourself projects, such as des- 
cribed this journal, are one way of 
gaining additional experience. Linking up 
with a local radio club or an amateur 
operator are other possibilties. Occasion- 
ally, local radio dealers will offer spare- 
time bench work to trainees, working 
under supervision. 

If circumstances are such as to make 
it impossible for a trainee to attend a 
Government-sponsored college, training 
at a private institution can be considered, 
with a preference to those which offer 
practical sessions in addition to lectures 
and/or correspondence, 

In fact, there is something to be said 
for doing a private servicing course, 
more or less im parallel with a trades 
course, where the latter is only obliquely 
related to electronic. servicing. 

The vital point is for the intending 
serviceman to be committed to some 
definite course of study, involving funda- 
mentals, which will impose upon him 
obligation and discipline, “Private 
study" can lapse all too easily, added 
to which the student has nothing tangi- 
ble to display for his efforts, when later 
applying for a position. 

Strangely enough, and despite all this, 
there are still people who believe that 
basic principles, or "theory" as they are 
inclined to disparagingly call it, is 
unimportant to a “practical” serviceman. 
in fact, the "valve jockey" so often en- 
countered in the TV servicing field, relies 
for his existence on this kind of think- 
ing. 


"DEAD END" JOBS 


While service organisations can make 
a case for "valve jockeys” on economic 
grounds, this approach could pose a 
serious hazard for the younger would-be 
serviceman. While there is no valid 
objection to anyone starting as a "valve 
jockey," such a position can easily turn 
out to be a “dead end” job, unless the 
individual is encouraged to educate him- 
self out of it. 

In five years time he will still be a 
“valve jockey” — a somewhat more ex- 
perienced one perhaps — but still work- 
ing by rote to a monotonous formula, 
with all his advancement (if any) be- 
hind him, and in a job which, for him, 
holds no future. 

Summing all this up, we might say 
that training should involve all the ele- 
ic theory — the nature of 
inductance and capacitance; 


resistance, 
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the behaviour of tuned circuits, RO net- 
works, etc; the operation valves and 
transistors and so on. On top of this 
Should come the more practical train- 
ing; bow the basic theory applies to the 
practical circuits of radio and TV re- 
ceivers or, in short, how they work. 

Thus a serviceman should be able to 
explain, at a fair technical level, just 
how any section of a receiver works. 
And, arising out of this, he should be 
able to make a reasonable estimation of 
what would happen if a particular com- 
ponent failed in a particular manner, In 
short, he should begin to anticipate faults 
as his training progresses. 

The other aspect of this training is 
practical field experience; an excellent 
teacher for those equipped — by study 
— to learn, This is where the student 
learns the things not found in the ordin- 
ary text book: That Blank and Co.'s 
model X123 TV set used a batch of 
vertical oscillator transformers that were 
unusually prone to breakdown; that poor 
sensitivity in a certain radio receiver 
is almost always due to faulty resonating 
capacitors in the IF transformers; or that 
hot humid weather and broken down 
crystal pickups go together, 

Similarly, it does not take the astute 
poron long to realise that most sets 
ave weaknesses which are peculiar to 
them by reason either of the circuit they 
employ or the components they use. 
Knowledge of this kind helps enormously 
in rapid diagnosis and repair of the more 
routine faults, 

This last statement may suggest that 
such an approach to diagnosis is no 
more than an extension of the valve 
jockey idea; that one simply learns what 
are the most likely faults h each make 
of set, and equips onself to treat the 
set on this basi 

But there is a vital difference. The 
valve jockey type is “through,” once he 
has exhausted his fund of experience, 
Unless he can fluke a cure on a costly 
trial-and-error basis, he has nothing to 
fall back on, He must either waste still 
more time or seek assistance, 


TRAINING COUNTS 


The well-trained man, on the other 
hand, expects that he might have to 
search for the fault. To be sure, he will 
first investigate the most likely possib- 
ility, based on experience; to do other- 
wise would be foolish. But when he 


work. 

Knowing how this part of the set 
should function, he combines his basic 
training, his experience with voltages or 
waveforms normally found in this part 
of the circuit, and his ability to make 
and interpret measurements, to go over 
the section systematically until, inevi- 
tably, he is rewarded, 

This then becomes experience on 
which he can draw, next time, to do à 
quicker job. In short, the trained man 
constantly adds to his own experience. 
The valve jockey can do so only on a 
very limited basis, with the additional 
hazard that his “knowledge” will be 
tainted with a good many wrong ideas, 

So it is that practical experience helps 
to consolidate the basic training, so that 
the student not only learns but under- 
stands. And when he understands he 
is well on the way to becoming a good 
serviceman and a good technician, with 
a latent ability to tackle other tasks. 

pow does a'serviceman go about his 
job’ 
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draws a blank, in terms of expected Accuracy is equally important. 
faults, that is when he really sare ^ fe diagnosis means wasted time and, 


Whether he realises it or not, every 
serviceman attacks each job in three 
stages: First he notes the symptoms; 
from these he diagnoses the fault; then 
he effects the necessary repair. " 

Even the valve jockey works this way, 
In his case, however, the symptoms 
noted will normally be confined to the 
most obvious ones, the diagnosis to nom- 
inating the section of the set at fault, 
and the repair to replacing the appro- 
priate valye or valves. If this fails, he 


may well have to seck assistance from 
someone more experienced. 
This bring us to the first require- 


"He says he wes trying to pull a car 
radio." (PF Reporter.) 


ment of good servicing—the ability 
quickly and accurately to diagnose a 

fault. 

Perhaps this may appear to be stating 
the obvious, but it is not always fully 
appreciated that diagnosis is usually the 
most difficult part of the job. Almost 
anyone who is handy with pliers, screw- 
driver and soldering iron can replace 
a faulty component once it is nomin- 
ated, but it often takes real skill to nom- 
inate it. 

The need to do the job in a reasonable 
time is fairly obvious; time is money in 
business. and anyone who consistently 
Takes/onger than necessary to locate a 
fauJ will soon price himself out of the 

ket — or starve! 


A 


while even the most experienced will go 
off on a false trail sometimes, the per- 
son who consistenly needs several bites 
at the one problem will prove as costly 
as anyone who is too slow for any other 
reason, 

But even more important is the ques- 
tion of customer satisfaction, Wrong 
diagnosis can involve the customer in 
unnecessary expense or, possibly worse, 
result in a fault seeming to be fixed 
when it is not, with consequent customer 
inconvenience and dissatisfaction. The 
latter occurs most frequently when the 
fault is of an intermittent or nebulous 
nature. 

What makes a good diagnostician? 

There are many things, Fairly ob- 
viously he needs adequate training, 
adequate experience, and adequate test- 
in 5. But most of all he needs 
an g mind and an ability to 
reason things out for himself; an ability 
— and a willingness — to collate all 
the signs, symptoms, and history of a 
fault and then, from basic principles and 


experience, to nominate its most likely 
cause. 

This implies, in turn, that he has the 
ability to collect all these data, and this 
is also part of his training. Keen obser- 
vation plays a large part, but he must 
also learn how to ask questions in a 
pleasant and tactful manner, and with- 
out risk of antagonising the customer. 

Most "signs" can be taken in at a 
Blance, almost automatically. They are 
all the things we observe about a set, 
other than its actual performance; 
whether it has suffered physical dam- 
age, whether it appears to have been 
tampered with, the type of aerial it uses, 
the presence of appliances which might 
cause interference, and so on. 

Symptoms refer to the set's actual 
performance. The more accurately the 
Serviceman observes them, the better 
his chances of a good diagnosis, More 
important, however, is the desirability 
of having the customer demonstrate the 
symptom about which he is complain- 
ing, If every serviceman made this a 
rule, there would be fewer cases of 
customers being charged for something 
about which they didn't complain, while 
die “important” fault remains uncorrec- 
ted. 

In practice, history is all that you 
can encourage a customer to tell you 
about the set in general, and the fault 
in particular, Most of it will be value- 
less prattle, but it is surprising how often 
they let drop a vital clue. And if it is 
one that draws attention to an obscure 
Or intermittent fault, then it may well 
mean the difference between holding and 
losing a customer. 

What equipment does a serviceman 
need? 

As with the other aspects of servicing, 
there are no hard and fast rules as to 
what constitutes the ideal combination 
of test instruments, At the one extreme 
we have the type who used to boast 
— mostly before the days of TV 
that he could service any set with a 
screwdriver, To him, the need to use 
even a multimeter was a sure sign of 
incompetence! 

At the other extreme we have the 
type who buys—or wishes he could 
buy—every piece of test equipment in 
the catalogue, He firmly believes that if 
he can only acquire enough pieces of 
equipment he will become a top-notch 


IF WRITING— 


As a result of reading this book, 
you may Wish to write to either the 
advertisers Or the editorial staff. 
If so, please note the following 
points carefully: 

PRINT your name AND address 
clearly. Include the STATE and, 
if applicable, the COUNTRY, 

When forwarding money, take all 
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negotiable only by the person 
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doubt, due to such variables as post- 
age, freight, etc., cheques may be 
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amount above the anticipated price. 
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serviceman, lack of training and/or ex- 
perience notwithstanding. 

Fairly obviously, the ideal lies some- 
where in between. Too little equipment 
makes for inefficiency and probably 
leads to secondary faults, and faults in 
the making, being overlooked. 

For example: It may not be difficult 
for an experienced person, working on a 
conventional radio set, to diagnose that 
the reason the set failed is because the 
output valve has packed up. So, all that 
js necessary to get the set going again 
is to replace the output valve. 

But how is he to know, without the 
aid of some equipment, that the HT 
voltage is significantly below par, prob- 
ably because the rectifier is on the way 
out too? Detection of such a condition 
js something the customer has a right to 
expect, otherwise he is likely to find 
himself involved in the inconvenience 
and expense of another service call in 
only a few months’ time. Such a situa- 
lion does not enhance the serviceman's 
image in the customer's eyes. 


CAPITAL OUTLAY 


At the other end of the scale, the 
“buy everything” type ignores two vitally 
important fundamental facts: that equip- 
ment alone never made a serviceman and 
that, in the hard world of business, 
every piece of equipment in the work- 
shop will have to pay for itself in a 
reasonable time. 

In short, what the individual finally 
buys in the way of test equipment will 
be a compromise between what he 
would like and what his business can 
afford—the latter based not so much on 
available cash, but on what the equip- 
ment will earn for the business, 

All this simply means that some pieces 
of equipment are essential, some are 
highly desirable but not essential, and 
some virtual luxuries, But just where 
the line of damarcation occurs is a mat- 
ter for individual decision, About all 
this article can do is discuss the more 
usual items the approximate order 
that a serviceman might consider them. 

In so doi we would remind read- 
ers that a previous chapter (16) discussed 
lest and measuring instruments in their 
own right. As such, it was able to cover 
many of the finer points of design which 
we cannot hope to cover in this chap- 
ter. Tt is suggested that the reader refer 
to this chapter for detailed explanations 
of the operation of measuring’ instru- 
ments, 


THE MULTIMETER 


One piece of equipment, the worth of. 
which no one is likely to question, is 
the multimeter. This is an essential item, 
used for tracking down a large percent- 
age of routine faults, About the only 
decision needing to be made is the type 
to purchase. 

A popular version in bygone years 
was based on a 0-ImA meter movement 
and provided 12 basic ranges; four DC 
voltage, four DC current, and four re- 
sistance. In addition, a rectifier provided 
AC voltage ranges, and an "output" 
version of the latter was normally pro- 
vided. 

Such a meter was—and still is in some 
cases—the favourite instrument of the 
serviceman. It is compact, relatively 
rugged, works independently of the pow- 
er mains, and will cope adequately with 
the majority of voltage measurements in 
a radio and TV set, Even when some- 
thing better is acquired, it still comés in 
for a lot of routine work, 
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"Nevertheless, it does have limitations, 
When used as a voltmeter it has a sen- 
sitivity of only 1,000 ohms per volt and 
this can lead to serious measuring errors 
in certain parts of a circuit. 

The sensitivity of a meter is a measure 
of the degree to which it loads the cir- 
cuit under test or, looking at it another 
way, the amount of power it must take 
from the circuit in order to move the 
pointer. Whether the circuit can supply 
this power, without seriously altering its 
operating conditions, is the point to be 
determined when considering the suit- 
ability, or otherwse, of the meter. 

The "ohms per volt" refers to the re- 
sistance of the meter—as seen by the 
circuit under test—relative to the full 
scale value of the voltage range selected. 
For example: In the case of a 1,000 
ohms per volt meter the 10V range 
would have a resistance of 10,000 ohms 
(10K), the 50V range 50K, end so on. 

This is a very practical way to ex- 

ress sensitivity, because it is usually 
fairly easy to assess the resistance of the 
voltage supply being measured. Provided 
this is significantly lower than the select- 
ed meter range, the error introduced by 
the meter's presence will not be serious. 


However, when it approaches or exceeds ` 


the meter resistance, the error will be 
gross, 


EXAMPLES 


Typical examples are the screen and 
plate circuits of an ordinary resistance 
coupled audio stage, say a pentode with 
a 0.25M plate load resistor and a 1.5M 
screen dropping resistor, Here, the plate 
voltage supply has a resistance of at 
least 0.25M and the screen voltage sup- 
ply at least 15M, To these could be 
added the resistance of the main HT 
supply, but thís is normally small enough 
to be neglected. 

If we attempt to measure the plate 
voltage, using, say, the 250V range of 
the meter, we find that the supply re- 
sistance of 0.25M is the same as that of 
the meter, and the latter will create con. 
siderable error, If we drop to the 50V 
range, which is not unreasonable, the 
meter resistance is only one fifth that 
of the supply resistance, and the meter 
reading becomes quite meaningless. — It 
need hardly be stressed that the position 
is just so many times worse in the case 
of the screen voltage, 

In practice, most servicemen over- 
come this problem, to a degree, by 
familiarising themselves with typical 
readings made in these circumstances, 
error notwithstanding. These then be- 
come the voltages one expects to read 
at these points if all was well. The fact 
the readings themselves are wrong mat- 
ters little, 

The AGC voltage is another having 
a Very high resistance source, but it is 
also one which can reveal a lot about a 
set's behaviour if we can measure it 
accurately. Unfortunately, it is not pos- 
sible to read this with even an allow- 
able error, using the conventional 1,000 
ohm per volt meter. 

This limitation of the simple multi- 
meter has been emphasised for two 
reasons: to provide a logical background 
against which the advantages of more 
elaborate instruments can be considered, 
and to introduce the idea that the pres- 
ence of any test instrument—multimeter, 
CRO, generator, tracer etc, — can, 
certain circumstances, upset the beha' 
jour of the circuit under test, An im- 
portant lesson a serviceman has to learn 
is to recognise such a possibility and 
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take precautions against it. This includes 
selecting test instruments which are least 
likely to create such problems. 

But to return to the multimeter. 
There are two broad approaches to im- 
proved sensitivity, (1) substitute a more 
sensitive meter movement or (2) inter- 
pose a valve or valves between the meter 
and the input to the instrument and use 
the amplification so provided to improve 
the sensitivity. 

In the first case we may typically 
substitute a 100uA (0.1mA) or SQuA 
(05mA) for the previous ImA move- 
ment, giving an increase in sensitivity 
of 10 or 20 times respectively. (10,000 
or 20,000 ohms per volt) Either repre- 
sents a very significant improvement and 
will cope with most measuring problems 
without significant error, 

A further worthwhile improvement is 
the extension of the ohms ranges by a 
factor of 10 (or 20) times, Thus, where 
a ImA meter will normally be limited 
to reading about 1M maximum resist- 
ance with a convenient size battery, a 
100uA movement will extend this to 
10M. 

While such instruments were relative- 
ly expensive in the past, the position is 
a good deal better today, As a result 
they are a popular choice, er in 
place of or, better still, in addition to 
the 1,000 ohm per volt variety. 

Increasing use of transistors, incident- 
ally, has introduced another factor into 
the formulation of an "ideal" multi- 
meter, Whereas valves involve voltages 
widely spread up to 300 or more, tran- 
sistor circuits seldom operate ‘above 
about 15 volts, The voltages at various 
points in the circuit may be quite low 
and, for easy testing of transistor equip- 
ment, it is an advantage if a multimeter 
has ranges of the order of 0-1.5V and/ 
or 0-3V, instead of earlier practice of 
0-10V as the most sensitive range. 

A valuable addition to any multi- 
meter, high sensitivity or not, is a sys- 
tem of protective diodes, Properly fitted, 
às a part of the overall instrument de- 
sign, they make a meter virtually "bash 
proof," thus eliminating costly repairs 
and loss of use of an instrument. 


THE VTVM 
Approach No. 2, the use of valve 
amplification, gives us what we call the 


VTVM—the "vacuum tube" or "valve" 
voltmeter, The VTVM normally has a 
constant input resistance of around 11M, 
regardless of the voltage range selected. 
This means that its sensitivity is about 
on a par with a 10,000 ohms per volt 
meter on the upper ranges (1,000V) but 
is many times better in the lower 
ranges. This makes it particularly suit- 
able for checking the low voltage, high 
resistance AGC circuits. 

The VTVM is a naturally protected 
meter, by reason of the valve operating 
conditions and it is also capable of 
measuring a very wide range of resist- 
ance values, 

Its main disadvantage is the need for 
a power point to operate it, While not 
a serious problem in the workshop, it 
makes it less suitable for field work 
than the high sensitivity self-contained 
multimeter. 

A second point is that the majority 
of VIVM's include only voltage and re- 
sistance ranges, with no provision for 
measuring current. If this has beer 
the result of regarding them as a sup- 
plementary instrument to a regular 
multimeter, it has also confirmed them 
in this role, 
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Here again, transistors are likely to 
make their presence felt. With special 
transistors now becoming available, it is 
possible to build transistorised volt- 
meters having the same general perform- 
ance as a valve voltmeter but without 
the need to connect it to a power point. 

While the ability to measure voltage, 
resistance and, occasionally, current, will 
enable'a serviceman to track down a 
good many faults, not all faults manifest 
themselves as a significant change in 
one of these characteristics. Many are 
a good deal more subtle and need other 
equipment to help track them down. 


I! don't just stand there saying 
‘short circuit! —lengthen it!” 


In radio servicing, the service oscil- 
lator or signal generator is one of the 
most used items, next to the mutimeter. 
Although primarily intended as a means 
of alignment, it plays a much wider 
role in practice. 

^ good generator will deliver a signal 
suitable for feeding into any part of 
the receiver, from the speaker to the 
aerial terminal, at audio, intermediate, 
or radio frequencies, and at a known 
level. Using these facilities, an experi- 
enced serviceman can quickly isolate a 
faulty stage, whether it be completely 
dead or simply below standard, 

Many radio servicemen use the gener- 
ator as the first line of attack, using it 
to pinpoint the faulty stage. Then they 
may test the appropriate valve—often 
by substitution and using the generator 
signal as a basis for comparison—and, if 
this does not completely cure the trouble, 
attack the stage with the multimeter. 

Thus the signal generator provides a 
quick means of isolating a faulty: stage, 
will show up poor performance due to 
Other causes, makes a top-notch valve 
lester in conjunction with a stock of 
known good valves, and finally provides 
the means to put the set into top work- 
ing order. On a value for money basis 
it is well worth while. 

In the TV field, the equivalent is the 
sweep generator, used in conjunction 
with a CRO. However, it is seldom used 
as an aid fo diagnosis — except, per- 
chance, when the fault lies in the tuner 
of IF strip—and is usually reserved for 
its intended role, that of alignment. This 
is something that the average TV service- 
man avoids as far as possible; it nor- 
mally involves returning the set to the 
service bench, and can be tricky and 
time consuming. 

As a rule, the faulty section of a TV 
set is usually fairly evident from the set's 
behaviour, enabling the serviceman to 
start with the faulty area already well 


defined, However, à sweep signal source 
may sometimes be useful when tracking 
down some of the more obscure faults. 

Mention of the sweep generator leads 
naturally to its companion instrument 
the CRO—or cathode-ray oscilloscope. 
For TV servicing this is an essential 
item, not only as a companion to the 
sweep generator, but also as a test in- 
strument in its own right. lance at 
the waveforms on any manufacturer's 
service diagram will explain this latter 
point. These represent correct operating 
conditions and any significant departure 
from them generally indicates a fault. 

Ideally, a CRO should be capable of 
displaying accurate waveforms up to 
about 5MC, the video bandwidth of our 
TV system. However, such an instru- 
ment may be too costly for the average 
serviceman, and some compromise is 
generally necessary. About the lowest 
figure which should be considered would 
be 100KC, with something around 1 to 
2MC being a good deal better if it can 
be managed. 

At one time the CRO was regarded 
as being of little value for radio ser- 
vicing, and it is true that the average 
radio set seldom needs help. 
the rapid growth of high-quality audio 
systems has changed the picture marked- 
ly, and anyone who hopes to service t| 
kind of equipment will find it essential. 
Remember, however, that it needs some" 
form of audio generator as a compan- 
ton instrument, and one suitable for the 
In init cost nearly as much as the 


Another service instrument is the valve 
tester, plus—or possibly combined with 
—a transistor tester. As its name im- 
plies, the valve tester provides a means 
of checking a valve's performance with- 
Out the need to operate it in its norm- 
ally associated ci The accuracy 
with which it does thís varies according 
to the cost—and complexity—of the 
tester, 

The simplest tester, and the type 
which is usually favoured by service- 
men, is the emission tester. This norm- 
ally provides two main tests, a shorts 
test to establish that there are no shorts 
between elements, and the emission test 
proper. 

The shorts test usually employs a neon 
lamp as the indicator, with an appro- 
priate voltage supply and the necessary 
switching to enable the test voltage to 
be applied between every clement and 
every other element. As well as a legi- 
timate test for the valve, it is necessary 
to avoid possible damage to the tester 
during the emission test. 

The emission test, in simple terms, 
is a measure of the number of electrons 
being released by the cathode and, by 
means of a simple “GOOD-BAD” scale, 
indicates whether this is more or less 
than sufficient for the valve's operational 
requirements, 

This is not a complete test, because 
there are several other factors which 
could prevent a valve from functioning 
correctly. On the other hand, it is the 
most logical single test because emission 
is the one characteristic of a valve 
which must ultimately fail. 

Thus, when an emission tester says 
"Bad" there is little doubt that it is tell- 
ing the truth, However, when it says 
“Good” there may still be a doubt in 
a small percentage of cases. 

The more elaborate instruments test 
the valve’s mutual conductance, by ap- 
plying suitable voltages to all elements 
and testing the valve under conditions 
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sry closely related to those it will ex- 

ence in a set. It is thus a much 

valid test, but suffers from the d: 

Mage that the tester is normally a 

good deal more expensive, and some- 
“times quite complex to set up. 


SUBSTITUTION TEST 


- Because of all these facts, most ser- 
men prefer, whenever possible, to 
a valve by substituting a known 
one in the receiver socket, and 
idging the results on performance. Per- 
ed intelligently, such a test is nor- 
mally quicker and more accurate. Fur- 
more, since servicemen normally 
carry a stock of likely valves when on 
ülside service, such valves provide a 
“means of testing without the need to 
a bulky instrument. 
his does not mean that a valve tester 
redundant, One occasionally strikes 
odd valve type, not available from 
shelf. Then the tester can be very 
ndy in helping to decide whether the 
ve is at fault and, thus, whether a 
mew one should be ordered or not. 
Again, there are occasions when the 
t may be in such a bad condition, due 
"other faults, that it is not immediate- 
available as a test bed in which to 
k its own valves. In such cases it 
often more convenient to be able 
test the valves independently, particu- 
the customer wants to know 
"What is involved before committing him- 
lf to an expensive reconditioning job. 
Very often it is the customers who 
the valve tester most. Many people 
ble to test their valves when 
ir set fails, rather than call in a ser- 
man right away, They reason that 
valves which are faulty should be 
laced anyway, and that it is time 
"enough to call for a serviceman when 
is fails to cure the trouble. 
While some servicemen may feel that 
‘this cuts across their own interest, others 
that it is good public relations. If 
Hi customer wants his valves tested it is 
Usually because a set has failed. If 
lie test reveals a dud valve he will buy 
‘a new one, on which the serviceman 
akes his usual profit, If it does not re 
a dud, the serviceman has a ready- 
ide opportunity to offer his service: 
he same applies if a faulty valve is 
placed but does not cure the fault. 
Some of the above comments also 
ly to transistor testing, particularly 
ose applying to the substitution test 
"Which, again ‘is generally preferred. 
"However, there is virtually no demand 
om customers to test transistors, since 
normally have neither the know- 
ledge or the means to remove these from 
a set, 
No discussion on a serviceman's needs 
ould be complete without mention of 
sheets and service manuals. Service 
lata, usually in booklet form, are nor- 
nally made available in the first in- 
nce by the set manufacturer. How- 
„ they may be reprinted by inde- 
ndent organisations (by arrangement 
with the manufacturers) and offered as 
bound books or in loose-leaf form in 
auitable binders. In the latter case there 
may be an arrangement whereby the 
Wrchaser is entitled to additional or 
cted pages as they are printed, to 
keep his file up to date, 
_In the days before TV there did not 
‘Appear to be a great need for such data. 
ts had become pretty well standard- 
ied around a four- or five-valve chassis, 
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using circuits which differed only in 
minor details. Most servicemen soon 
found their way around a new model, 
and knew pretty well what to expect in 
the way of voltages, etc., from past ex- 
perience. 

Nevertheless, those who studied these 
booklets generally picked up a point or 
two which saved valuable time later on. 
Often, this was nothing more than the 
best way to remove the chassis, how to 
string the dial, or details about the 
mechanics of the record changer, if one 
was used. 

Similarly, some car radios were a 
good deal easier to handle if one was 
forewarned about some of the mechani- 
cal problems, And, where time is money, 
one should not be too proud to note 
what the maker has to say about a new 
model. Once the lesson has been learn- 
ed, it will seldom be necessary to refer 
to the manual again. Nevertheless, it is 
useful to have on hand, particularly if 
it is a set which is not encountered 
very often, 

With the advent of TV the need for 
such data became itensified, The simplest 
TV set is many times more complex 
than the most complex radio set, plus 
the fact that it was a brand new field 
for most. Even for those who had 
studied hard, it was impossible to keep 
all the data, for all the makes of set, 
in one's head. 

At least until most newcomers got 
the feel of TV, the circuits, waveforms, 
voltage tables, etc., supplied a very real 
need, Also, as with the radio sets, the 


... . about the transistor symbols 


When the chapters of this book were pul 

n and Hobbies"), 
which at that time seemed likely to 
Since then these symbols have fallen 
into disuse, and in May, 1966, "ELECTRONICS Australia" changed over 
to the symbols now used by a majority of journals and manufacturers. 


In presenting the chapters in book form, mechanical problems have 
dictated that the original symbols be retained. H n 
prevent reader confusion we present below side-by-side comparison of the 
new and old versions of the symbols for the most commonly encountered 


magazine (then “Radio, Televis 
symbols in current use were those 
become international standards. 


semiconductor devices. 


mechanical data were often just as valu- 
able as the purely electronic ones. 

As might be expected, this need has 
slackened to some extent, due to greater 
familiarity with TV in general, and the 
committing of much such information 
to memory. Nevertheless, there is still 
a very real place in the scheme of things 
for the manufacturer's service manual. 

A good serviceman would be wise to 
make sure that he acquires such a 
manual for every new set which appears, 
and keeps it handy the first couple of 
times he handles such a set, He may 
seldom need it for routine faults after 
that, but it can be mighty handy when 
a real “stinker” comes along. 

Those servicemen who followed this 
rule when TV commenced, have a very 
good reason to be glad they did so. 
Many of the firms which mushroomed 
in the initial boom have long since 
passed from the scene, leaving a legacy 
of receivers for which no one is respon- 
sible except the serviceman, When sub- 
stitute parts have to be provided, the 
data in the service manual can be very 
useful, 

Another point worth remembering is 
that very few new sets are released on 
the market without some modifications 
becoming necessary after they are in the 
field, These may be minor, but they can 
often waste a lot of time if the service- 
man is unfamiliar with them, The 
serviceman should therefore make sure 
that he is in a position to be advised 
of all such matters as soon as they are 
released. 


ed originally in the 
the semiconductor 


However, in order to 


For further information regarding the new symbols, readers should 


refer to the small article in the 
Australia." — In addition readers 


Television and Hobbies." 


It may also be noted that since the original publication of the Basic 
Radio Course, a number of new semiconductor devices have come into 
For information regarding the operation of many of these devices, 


use. 


May 1966 issue of "ELECTRONICS 
who encounter difficulty with circuit 
symbols as a whole might find it worthwhile to refer to the article “Radio 
Symbols and Circuits” published in the October, 1962, issue of “Radio, 


interested readers may refer to the current series of small articles entitled 
“Keeping Up With Semiconductors,” which commenced in the August, 
issue of “ELECTRONICS Australia.” 
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CHAPTER 19: 


Amateur radio. History of the hobby. 


What makes an amateur and what are his activities. 
What are the licensing requirements. 
Amateur radio clubs. Studying for the examination. 


Sitting for the examination. 


‘HERE are, in the world today, some 

400,000 people to whom amateur 
radio represents the most satisfying, most 
exciting of all hobbies. To these people 
this scientific hobby provides a means of 
gaining personal skill in the art of elec- 
tronics and, at the same time, an oppor- 
tunity to communicate with their fellow 
enthusiasts over their own private short- 
wave radio, 


In this section of our course we will 
endeavour to give the reader some idea 
of just what amateur radio is and does, 
and discuss ways and means of obtaining 
the licence to operate an amateur station, 

The history of amateur radio goes 
back a long way. In fact, Guglielmo 
Marconi, who astounded the world with 
his first experiments showing that mes- 
sages could be sent between distant 
points without wires, liked to style him- 
self as the first radio amateur. 

Amateur radio really began, however, 
when private citizens saw in this new 
marvel a means of personal communica- 
tion with others and set about learning 
enough of the art to construct a home- 
made station, 


HISTORY 


The equipment of these early stations 
consisted of spark transmitters and 
simple crystal or coherer detector re- 
ceivers, in those days the range of the 
highest powered transmitters, under the 
most favourable conditions, was very 
small, and stations were so few and far 
between that they frequently took, as a 
call sign, the name of the town or area 
in which they were located, 

Interest in the new art grew rapidly, 
however, and soon there were large 
numbers of private and commercial 
stations competing for “air” space. At 
this stage the need for some form of 
control became obvious and in 1904-5 
various “Wireless Telegraphy” acts were 
passed giving the Governments licensing 
control over stations and the right to 
allocate call signs and frequencies of 
operation, 

Australian amateurs were given three 
letter call-signs prefixed by the letter X 
and quite a number were active in these 
early days, In 1910 the Wireless Insti- 
tute of N.S.W. (now the Wireless Insti- 
tute of Australia) was formed and it is 
interesting to note that this was the 
world’s first formation of an amateur 
institute. Great Britain followed with 
the London Wireless Institute in 1913 
(changed to the Radio Society of Great 
Britain in 1922) and American amateurs 
formed the American Radio Relay 
League in 1914. 

The war of 1914-1918 brought a tem- 
porary halt to amateur activities as such, 
but a majority of amateurs joined the 
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armed forces and gave valuable service 
as instructors and operators. Radio was, 
in fact, regarded as a “secret weapon" 
in this war in much the same manner 
as radar was in the early years of World 
War II. 

At the conclusion of World War 1 
radio amateurs were, quite natural 
eager to return to their hobby but Gov- 
ernments, notably those of America, 
were loath to relinquish the supreme 
control over all communications which 
they exercised in wartime, It was only 
the determined fight put up by amateur 
institutes established before the war 
which eventually caused the Govern- 
ments to relent and allow the resumption 
of amateur radio activities, 

From the very start, however, post- 
war amateur radio took on new aspects. 
The pressures of wartime had stimulated. 
lechnical developments and there were 
new types of equipment available. 
Licensing regulations restricted amateurs 
to wavelengths of 200 metres and below 
in the mistaken belief that they would 
"never get out of their own backyard" 
on these frequencies, 

Amateurs, however, adapted the newly 
discovered "valve" to these frequencies 
and they were soon covering many times 
the distances covered with their pre-war, 
lower frequency spark equipment. Con- 


tacts over 1,000, 1,500 and then 2,000 
miles were made, and amateurs began 


to dream of trans-Atlantic and trans- 
Pacific contacts, 

In December, 1921, the ARRL sent 
a prominent amateur to Europe with the 
best receiving equipment then available. 
Tests were run on the 200 metre band 
and 30 American amateur stations were 
heard, The news greatly excited the 
amateur ‘world and the following year 
further trans-Atlantic tests were carried 
out. This time no less than 315 Ameri- 
can calls were logged by European 
amateurs and, what was more, one 
French and two British stations were 
heard in America, None of these tests, 
unfortunately, were heard in Australia. 

Technically it might have been pos- 
sible to span the Atlantic with a two- 
way contact at this time and on 200 
metres but, for one reason or another, 
this was not achieved and amateurs 
began to look for another answer to 
their problem. 

Further increases in power were out 
of the question since most were already 
at the legal limit of 1,000 watts, Better 
receivers didn't seem to be the answer 
since they already had the super- 
heterodyne and it didn't seem possi 
to make any great advances in that 
tion, It was at this stage that 


they 
began to wonder about the wavelengths 
BELOW 200 metres. Engineers had said 
these were useless but maybe they were 
wrong. 

Experiments were begun on 130 and 
then 90 metres and it was noted that, as 


the wavelength decreased, the results 
were better. On April 22, 1923, the 
first signals of an American amateur 
station were heard in Australia, The 
Pacific had been spanned, one way to 
be sure, but it was a good start, 
Finally, in November, 1923, the first 
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-way amateur communication across 
Atlantic became a reality when two 
lions in America worked one in 
France for several hours, all three 
stations using a wavelength of 110 


“metres. Other stations dropped to 100 
“metres and found that they, too, could 
ross the Atla 
po: s of this 
covery did not go unnoticed and soon 


hundreds of commercial companies were 
tushing stations into the 100 metre band. 
Chaos threatened for a while but finally 
the first of a series of radio conferences 
Partitioned off various bands of fre- 
quencies for the various services 
clamouring for space, 

Although thought, at this time, was 
mainly centred around 100 metres the 
various amateur organisations at these 
Conferences came to the conclusion that 
the surface had probably only been 
scratched and, quite wisely, petitioned 
for frequencies not only at 80 metres 
but also at 40, 20, 10 and even down 
to 5 metres. 

Many amateurs promptly moved to 40 
metres and the band responded by 
enabling two-way trans-Pacific commu! 
cations between America and Austral 
New Zealand and South Africa, A sec- 
ond jump to 20 metres brought about 
another dream of amateur radio, day- 
et iwo-way communication over long 

distances. 


BROADCAST PROGRAMS 


any countries, and particularly in 
amateurs were the first to set 
up ions broadcasting program 
material of a type similar to that tra 
mitted by the "broadcast band" statio 
we know today, The interest aroused 
by this amateur program material en- 
couraged many people to either purchase 
or build suitable receivers and, eventu- 
ally, commercia] broadcasting with paid 
advertising became a reality, 

as in many other countries, 
the earliest commercial broadcasting set- 
ups developed from amateur stations but, 
upon doing so, they became legally 
divorced from the "amateur service" and 
came under separate licensing. Amateurs, 
in Australia at least, continued to broad- 
cast musical programs until just before 
World War Il, but they did so purely 
for experimental purposes and without 
pecuniary interest, 

In the 20s and 30s, amateur radio ex- 
panded rapidly, both in technical ad- 
vances and the numbers licensed to 
operate stations, until World War II 
ain brought a temporary halt to 


in this war some 25,000 amateurs used 
their skill and knowledge in the armed 
forces and many. on both sides, paid 
the supreme sacrifice in the defence of 
their countries. 

After the war amateur radio took up 
where it had left off, at least initially. 
However, wartime pressures had pro- 
duced dramatic technical advances in 
communications equipment and much of 
this equipment, now declared surplus by 
the various armed forces, was made 
available to amateur operators. Then, 
too, the ranks of amateur radio enthu- 
siasts were swelled by many who had 
received training in communications 
during the war and decided to continue 
their interest in the art. 

The technical advances in amateur 
equipment since World War II would 
make a complete article on its own but, 
suffice to say, the equipment used by a 
typical modern station would have been 
only a "wild dream" to a prewar 
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NOTE: SEVEN questions only to be attempted. Credit will not be gi 


n for more 


than SEVEN answers. All questions carry equal marks. 


V. (a) Draw a ci 


stop by step, 
Why is 
2. (a) With the 


of operation of a moving coil (dyna 
we merits of moving coil and carbon type microphones 
as regards fidelity and sensitivity. 


(b] Discuss the relai 


3. (a) With the aid of sketches, 
frequency EL d 
(b) What e 


on the secondary 
(ii) current and 


5. (a) What is meant by the term "Dielectric Constant" 


denser? 
(b) Thr 


it diagram of a triode Class C modulated R.F, amplifier and 


d not be shown. Explain how 


gle ended triode R.F. 


id of a suitable sketch, describe the construction and principle 


) type microphone. 


d why the construction of an audio 
ncy transfor 


does the primary/secondary turns ratio of an iron cored trans- 


i) impedance? 
agram of a heterodyne frequency meter suitable for use 


ry of op 
ncy measurement with the equip- 


in relation to a con- 


condensers of 2. 3 and 6 microfarads respectively are connected in 
Calculate the total capacity of the group. 


(c) Discuss briefly the losses which may occur in a condenser. 


&. (a) Explain fully the theory of grid 
(b) Is it desirable to include som: 
when grid leak 


(b) Describe any advantages to be gained by centre loading such a whip 


additional form of bi 
s employed? Explain. 
7. (a) Explain the theory of operation of a thermionic valve as a generator 


factors which affect the frequency stel 


bi 


in a R.F. ampli 


of an oscillator 


of a diagram describe a means of loading a whip aerial for a 


ed by including a radio frequency 
o 


Give reasons for your choi 


I 


tl ited type. 

8. (a) With the 
mobile transmitter. 

9. ad antag os to be g 

stag 
(b) What pred of tube (triode, phere pontod: 
the R.F. stage, of a 3.5 Mc/s receiver? 
amateur. Amateurs have 'even produced 


their own satellites and, by the time this 
article appears, it is anticipated that a 
satellite capable of relaying signals in 
the 144MC band will be in orbit. 

So far we have given a very brief 
history of amateur growth and, in doing 
so, we may have given some idea of 
what an amateur is and does, Perhaps, 
however, we should elaborate a little on 


this poii 
"Handbook 


The Australian P.M.G. 
for Operators Of Radio Stations in the 
Amateur Service" provides these defini- 
tions: 

“Amateur Service" means a service 
of self-training, intercommunication 
and technical investigations carried 
on by amateurs, that is, by duly 
authorised persons interested in radio 
technique solely with a personal aim 
and without pecuniary interest, 

“Amateur Station" means a station 
Ucensed in the Amateur Service, and 
used, without pecuniary interest, for 
the purpose of investigation or re- 
research into, or Instruction in radio 
transmission and reception, 

From this we can see that an amateur 
is a person who is (a) interested in elec- 
tronics with an emphasis on the trans- 
mission and reception of signals by 

“wireless” and, (b) owns and operates a 
private station for the purnose of com- 
municating with fellow amateurs and, in 
doing so, furthering his knowledge of 
the art, 

"This is not to say that all amateurs 
are cast in the same mould, for indeed 


they obtain pleasure from their chosen 
hobby in many and diverse ways. 

Some are mainly interested in the 
technical aspects of their equipment and 
spend many hours constructing various 
pieces of "gear" and trying oüt new 
ideas. These amateurs might spend very 
little time on the air, only coming on 
when they have a new piece of gear to 
try, 

"Other amateurs find that, once having 
set up a station, their greatest interest 
is in operating it. Thev may be of a 
gregarious nature and enjoy long con- 
versations (called “rag chews” in 
amateur parlance) with fellow amateurs 
on subjects of mutual interest. 

Still other amateurs find pleasure in 
“DX'ing” (long distance working) with 
a view to contacting as many amateurs 
in as many countries as possible. Special 
awards are available for this and, to 
obtain these awards and as a confirma- 
tion of their contacts, these amateurs 
like to exchange “QSL” cards. An illus- 
tretion of a typical QSL card sent by 

in CJerseas amateur to the author is in- 
cluded i3 this article. 

Then, too, these amateurs variously 
interested in experimenting, operating 
and DX'ing can often be subdivided ac- 
cording to favourite bands of operation 
and the different modes of transmission 
they employ. 

Some operate on one or all of the HF 
bands (3.5 to 28MC) while others pre- 
fer to confine their operating to the 
VHF bands above 52MC. A very limit- 
ed band of enthusiasts confine their 
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activities to operation on microwave 
frequencies. 

Amateurs are known to employ all 
available modes of transmission but the 
most popular are AM (amplitude modu- 
lation), SSB (single sideband), CW (con- 
tinuous wave), RTTY (radio teletype), 
FM (frequency modulation) and TV 
(television), probably in that order, al- 
though SSB is rapidly growing in popu- 
larity and may soon become the method 
used by most, 

Some amateurs have elaborate stations 
with maximum power transmitters on all 
bands employing several different modes 
of transmission and feeding into complex 
aerial arrays, Others are satisfied with 
the simplest bare minimum of equip- 
ment which, quite typically, might be 
stowed in a bedroom cupboard when not 
in use. Fortunately, for the latter 
amateur, the pleasure to be derived from 
the hobby is NOT directly proportional 
to the quantity and quality of the equip- 
ment owned. 

Amateurs are a fraternal lot; their 
common interest makes them "brothers 
under the skin." When visiting strange 
lowns an amateur often looks up friends 
with whom he has become acquainted 
over the air and, even if he knows no 
amateurs in a given vicinity, his amateur 
call makes him more than welcome. 

Amateur radio clubs have been form- 
ed all over the world and most feature 
meetings with both elementary and 
advanced technical talks, study lessons 
and Code classes, social contacts, and 


In this country the Wireless Institute 
of Australia have branches in each State 
and are affiliated with most 


Each State has its own official station 
(N.S.W.—VK2WI, Vic.—VK3WI etc.) 
and these broadcast news to members 
each Sunday morning, Many of these 
Stations are also available to intending 
members wishing to gain practical expe: 
ence in the operation of transmittei 
and most broadcast slow code transmi: 
sions on several nights of the week for 
those studying for the amateur licence. 

The aims and objects of the WIA are 
rage and assist all persons inter- 
any or all aspects of amateur 
radio and allied techniques, Membership 
is divided into two grades: 

Grade "A" ("Full Members")—Those 
who have obtained their Amateur Oper- 
ators’ Certificate of Proficiency or the 
Limited Amateur Operators’ Certificate 
of Proficienc: 

Grade "B" (“Associate Members")— 
Those studying for their Certificates or 
who are interested in some aspect of 
radio science, 

Honorary life membership has been 
bestowed on those who have rendered 
valuable assistance to a division or to 
radio science. 

_ Apart from being a fine hobby there 
is always the possibility that amateur 
radio lead to a lifetime career in 
electronics. Operators with amateur ex- 
perience are several steps ahead when 
it comes to the operation of commercial 
Stations because they have developed a 
"feel" for radio equipment. 

Many of today's research scientísts and 
engineers, men with full professional 
standing, can trace their careers back to 
an early interest in amateur radio. 
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This “QSL” card from an American Maritime Mobile station is typical of these 

exchanged by amateurs all over the world. Note particularly the sender's 

christian name (bottom right hand corner of card). Rather appropriate for an 
amateur isn’t it! 


Some of these men, while radio 
amateurs, made major contributions to 
the art, and there is no doubt that they, 
and a coming generation of amateurs, 
are continuing to make such contri- 
butions. 

Most would-be amateurs know that 
they are required to sit for an examina- 
tion before obtaining a transmitting 
licence, but not all of them realise just 
why this is necessary and how they can 
best prepare themselves for their test. 

Radio communication is now essential 
to the navigation of thousands of ships 
and aircraft, not to mention interna- 
tional message handling and mobile 
communications circuits. 

Co-ordination between nations on the 
use of the radio spectrum is therefore 
necessary so that there will be little 
mutual interference. Ships and aircraft 
moving between countries should also 
be able to communicate with control 
stations, weather stations, etc., with as 
little trouble as possible, 

The way in which the frequency spec- 
trum is split up between all these essen- 
tial services, plus the amateur require- 
ments, is decided at an international 
telecommunications convention at which 
are represented the governments of all 
the major countries of the world. The 
major amateur bodies are also invited 
to send representatives to these confer- 
ences with an aim to protecting their in- 
terests. 

The authority which carries out the 
decisions of these conferences in Austra- 
lia is the Postmaster-General’s Depart- 
ment through its various _ Radio 
Branches. The department carries out 
in detail the local rules and administra- 
tion of all radio stations in this country. 

Matters such as the frequency or 
range of frequencies in which individual 
stations may operate, the allowable 
power level and, more to the point of 
this article, the minimum knowledge and 
skill required of the operator in order 
that he may operate his station efficiently 
and without interference to others, are 
decided by this authority, which acts 
within the framework of international 
agreement. 

The required minimum standard is 
established by the Amateur Operators 
Certificate of Proficiency (AOCP) which 
is issued after the applicant has passed 
the appropriate P.M.G. examination. 

Having obtained the certificate, it is 


largely a matter of routine for the in- 
dividual to obtain a station licence and 
be allotted a call-sign. The latter will be 
prefixed “VK” to indicate an Australian 
station, a following number to indicate 
the State and a final comi 
two or three letters for indi 
tification. If you live in New South 
Wales you could be VK2XYZ or if in 
Queensland VKAXYZ. E 

The qualifications required to obtain 
the AOCP are set out in publications 
available from the P.M.G, radio 
branches, 

They are:— > 

(1) An elementary knowledge of wire- 
less telegraphy and wireless telephony 
and electrical principles, ; 

(2) A knowledge of such of the radio 
communication regulations for the time 
being in force under the telecommunica- 
tion convention and related to the opera- 
tion of amateur stations, 

(3) Ability to send correctly and to 
receive correctly by ear in Morse code, 
a test in plain language, including 
figures, at a speed of 14 words per min- 
ute. 

The examination to prove these quali: 
fications is in three sections as follow: 

SECTION K. (REGULATIONS) A 
half-hour written examination consisting 
of one paper containing questions based 
on the "Handbook for Operators of 
Amateur Wireless Stations" issued by 
the P.M.G. 

SECTION L. (TELEGRAPHY). (a) 
One Morse test covering the correct 
ions of text in plain language 
ing figures—at a speed of four- 
teen (14) words per minute, Sending 
test 23 minutes. 

(b) One Morse test covering the cor- 
rect reception by ear of text in plain 
language—including figures—at a speed 
of fourteen (14) words per minute, Re- 
ceiving test 5 minutes, 

In both the above tests the text aver- 
ages five characters to a word, each 
figure counting as two characters. 

SECTION M. (THEORY). A two- 
and-a-half-hour written examination of 
one paper containing questions based on 
the theory of wireless telegraphy and 
wireless telephony as applied to amateur 
transmitting and receiving systems, and 
the elementary theory and practical 
plications of the principles of electricity 
and magnetism, 

In order to gain a pass the candidate 
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t obtain at least 70 per cent of the 
total marks allotted in each section. 
There is also a Limited AOCP cer- 
lificate which does not require the candi- 
"date to have passed the telegraphy tests. 
"(Section L.) 
The limitation is that transmissions 
Must be confined to the amateur bands 
at 52MC and higher. 
This certificate will be of interest to 
many who can reach the necessary 
standard in radio theory but who may 
not have the time necessary to reach 
the necessary standard in Morse. An 
unrestricted licence can always be ob- 
tained at a later date simply by passing 
the Morse tests, 
Four examinations are held each year 
on the second Tuesday in January, April, 
July and October in the capital city of 
each State and also at Newcastle, Armi- 
dale, Wagga Wagga, Townsville, Rock- 
hampton and Bendigo. When a candi- 
date nominates the place at which he 
would like to take the examination, full 
particulars of the local arrangements are 
forwarded to him. 
There is also provision for people 
living in areas away from the cities, A 
candidate living more than 50 miles 
from the nearest Radio Branch office 
tan, provided the facilities are available, 
arrange to take the examination under 
the supervision of the Postmaster at the 
Official post-office nearest to his home, 


EXAMINATION 


Applications to sit for the examina- 
tion must be made on a printed form 
obtainable from The Controller, Radio 
Branch, Fourth Floor, ICI House, 1 
Nicholson Street, Melbourne, Victoria, 
The completed application form should 
also be returned to this address and must 
reach Melbourne on or before the 22nd 
day of the month before that set down 
for the examination, 

Applications to sit for the examination 

will be accepted only from pone 15 
years of age or Over and an official copy 
of the applicant's birth certificate plus 
an entrance fee of £1 must be for- 
Warded with the completed form. 
Once having passed the examination 
the AOCP may be applied for and will 
be issued without charge when the fol- 
lowing particulars are forwarded to the 
department: 

Height, Colour of Eyes, Colour of 
Hair, Complexion and any special pecu- 
liarities. At the same time a recent 
head-and-shoulders photograph about 
Jin by 2in is required and this photo- 
graph should be autographed on the 
front, 

Those who pass the examination be- 
fore their sixteenth birthday will be 
required to wait until that date before 
the certificate is issued. 

The bare outline of the requirements 
does not provide a very good idea of 
how to commence studying for the 
examination, One method adopted by 
many is to obtain copies of the previous 
AOCP examination papers, free of cost, 
from Radio Branch offices. From the 
same source, at a cost of 3/, may be 
Obtained the "Handbook for Operators 
of Amateur Wireless Stations" which is 
essential for section K (Regulations) ot 
the examination. 

To give some idea of a typical paper 
we publish, in this article, the theory 
section of ihe October, 1964, examina- 
lion. 

For the theory section of the examina- 
lion the P.M.G. recommend the follow- 
ing textbooks: The “Radio Amateurs 
Handbook" (ARRL), "Radio Handbook" 
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by Editors and Engineers Ltd., “The 
Amateur Radio Handbook" (RSGB). 
For electrical theory they recommend 
"Essentials of Electricity for Radio and 
Television" by Slurzburg and Osterheld. 

Unless you have plenty of money to 
spend we recommend you start with 
either the RSGB or the ARRL Hand- 
books and consider the other books as 
extras later on if you need them. 

"There is also a great deal of literature 
available from the valve companies at 
little or no cost. A typical example of 
this is the RCA Receiving Tube Manual 
which has comprehensive chapters on 
valve fundamentals, applications and 
practical circuits in addition to data on 
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“LS NOLSNVMS 


the majority of receiving valves in use 
today. It is worth while having a valve 
data book, at least, available so that you 
can check theoretical points with practi- 
cal valves and circuits. 

The program of study you set yourself 
will depend on how much previous 
knowledge you have of the subject. 
There are courses leading to the amateur 
certificate at some of the radio colleges 
where you will cover the entire program 
in a set time. Provision is also made for 
regular Morse instruction so that you 
can progress to the required 14 wpm 
in both receiving and sending. 

The WIA also run a complete course 
lasting 12 months and this may he taken 
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MAGRATH’S 


THE CENTRE 


FOR YOUR 


ELECTRONIC HOBBIES NEEDS 


Magrath’s provide the components for projects 
sponsored by"Electronics Australia”, Mullard 
"Outlook", Phillips “Miniwatt Digest", 


"Radiotronics", etc. 


For the beginner Magrath’s su 


gest the following 


items for setting up an adequate work bench — 

6 Soldering Irons. Both mains operated and 
low voltages through transformers. 

6 Wire strippers and cutters 


€ Multimeters, etc. 
€ Chassis Punch Kits 


@ Bench metal folding machine (to enable the 
bending of metals for all standard chassis, 


brackets, etc.) 


Magrath’s means everything 
for the Electronic Hobbyist! 


J. H. MAGRATH 


& Co. Pty. Ltd. 


208 LIT. LONSDALE ST. 
(Straight through from Myers) 


Phone 32 3731 


103 


RADIO HOUSE PTY. LTD. 


INTERCOM STAND 
PHONES, 


$9.75 pair. 


Complete with wire and batteries 
and instructions for installation. 


FEATURES OF THE BLACKWELL 


. Designed 


to. stand 


2-STATION TRANSISTOR INTERCOM 


in vertical position for 


convenience in handling and ease of operation. 


. Provides 


simultaneous 


any two parties. 
. The tone is clear and distortion free, assuring 
natural voice reproduction. 


. Installation consists of 


sockets of lead wires and adding 2 


batteries for each unit. 


. Circuit 
maximum efficiency and economy. 


ingeniously 


conversation between 


simply plugging i 
type "C" 


designed to assure 


Battery 


current is not drawn when intercom is not in 


use. 


1. Supply . Zero set con- 
shat eel Kaak 

2 . Volume con- 

E trol "knob. 

|. Handie. 

. Stop button. 


- fast torwar 
button (F. 


ll wo $ Sol 


RADIO HOUSE PTY. LTD. 


Forward — but- 
ton: 


. Rewind button, 


Record button. 


. Level meter, 


iyu 
Ce cr. 


PORTABLE 


$23.75 pair complete 


PORTABLE 
“ELECTRA” TAPE 
RECORDER. 
Model TC 655. 


$64.00 complete 


operated | (four 


I NT 
A 

« Aurliagy Input 

fack (AUX), 


j. Microphone. 
Jack (MIC). 


ote, control 
RRR ERD 


TRANSISTOR TAPE 


RECORDER, 


“Sunace” 


PD 401 


$21.00 (£10/10/-) 
Postage 75c (7/6) 
Complete with Mike, Battery and 


Tape. 


PHONE 
26-2817 


306-308 PITT ST., SYDNEY, Also at 760 George St, and 6 Royal Arcade. 
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either by correspondence or with practi- 
cal lectures given twice weekly. The 
cost is quite nominal and Morse code 
practise is included, 

By following a recognised course the 
student can be sure that nothing is left 
out and it should ensure that he does 
progress from week to week. There is 
a tendency when studying privately to 
imagine a thing is understood when, in 
fact, he has only a sketchy outline, Some 
students become disheartened when 
working alone for long periods, and it 
does help to have sympathetic assistance 
from a qualified tutor or an interested 
amateur, 

You can become proficient at Morse 
by working on your own and listening 
to some of the WIA and other slow 
Morse transmissions. It is even possible 
to buy recordings of slow Morse for 
practice. There is every advantage, 
however, in having assistance from some- 
one who is already proficient, particu. 
larly in the matter of sending, because 
you can easily develop bad habits which 
are hard to eliminate o1 your own. Wait 
until you have had a few weeks receiv- 
ing practice before attempting to send. 


MORSE PRACTICE 


Always see that you have practice in 
receiving Morse a little too fast for per- 
fect copy. This is essential if you are 
to pick up speed. You should aim for 
a standard several words ahead of the 
required 14 words per minute, for un- 
der the stress of examinations even the 
best do not show their full capabilities. 

If you can locate and make friends 
with a nearby amateui hs will almost 
certainly help you by sending to you on 
the key, Use a standard PMG key, if 
possible, because you are sure to be ex- 
amined on this type. 

When sitting for the theory paper, 
take time out to read each question care- 
fully and then make sure that your 
answer gives ALL the information the 
paper requests, In the typical paper we 
have published all 9 of the questions 
consist of either 2 or 3 parts and many 
of these parts could again be sub-divided 
into 2 parts. 

For example; question 1 (a) asks the 
applicant to draw the circuit of a Class 
C modulated RF amplifier with its as- 
sociated modulator AND explain how 
modulation of the carrier may be 
achieved. If you were to draw a perfect 
circuit diagram for the transmitter but 
omitted to explain how modulation was 
accomplished you could easily fail in 
the question. 

At the same time do NOT offer in- 
formation which is not specifically asked 
for in the question. To do so is not 
only time wasting but if, in offering ad- 
ditional information, you should make 
several bad errors your examiner may 
take it into account when marking the 
paper. Keep your answers brief and to 
examiner is not interested 
ies as a marathon writer— 
only in your knowledge of the questions. 

When you feel you may be ready to 
sit for the examination do not hesitate 
to do so, Even if you should fail you 
can sit again in three months’ time and, 
in fact as many times as you like. R 
member that the examiner is not in- 
terested in your proving yourself a 
genius at radio, he just wants to be sure 
you can build a transmitter and place it 
on the air without interference to others. 
When you have passed you will find 
that the pleasures of amateur radio as 
a hobby will make it al] worth while. 
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CHAPTER 20: industrial electronics defined. 


Examples of electronics in industry 


. Job opportunities in 


industrial electronics. Photoelectric systems and devices. Inductior 


heating. Dielectric heati 


g. Microwave cooking. 


Timing sports events. Pressure transducers. Strain qauges. 


Other electronic gauges. 


N article on industrial electronics 

might logically begin by defining 

its subject; one might ask "what is indus- 

trial electronics, as distinct from other 

kinds of electronics, and what does the 
classification include?" 

The first part of this question is not 
easy to answer, for it requires that we 
draw a hard line between one branch 
of electronics and all the others. 

At one stage, industrial electronics 
was simply defined as "that field dealing 
with the noncommunication use of 
electronics.” Nowdays, however, two- 
way radio and closed circuit TV have 
become generally accepted in industrial 
applications, thus making inappropriate 
this early definition, 

Similarly, industrial electronics was 
once regarded as the area of applied 
electronics dealing primarily with the 
control of motors, generators, and other 
“heavy” equipment, Today, however, the 
field includes multitude of applications 
involving sensitive, high precision instru- 
ments for measurement and control, 


DEFINITIONS. 


In ‘actual fact, the boundaries of in- 
dustrial electronics cannot be precisely 
defined but we can give a general 
definition by saying that “any electronic 
devices which comprise a regular part 
of industrial processes can be considered 


as constituting industrial electronics.” 
Industrial electronics therefore in- 
cludes: (1) those applications where 


electronics is a major ingredient in the 
process; (2) those in which electronic 
devices serve to control a process by 
measurement and feedback techniques; 
and (3) where electronics is involved 
primarily in recording data about the 
Process. 

In this last paragraph we have auto- 
matically started answering the second 
half of our question, namely “What is 
included?” 

We have mentioned processes in in- 
dustry where electronics is am essential, 
functional part of the program. Some 
excellent examples of this are dielectric 
heating (heat applied to insulating 
materials), induction heating | (heat 
applied to conducting materials) and 
microwave cooking or curing, which is 
related to both but mostly to the former. 

Also in this category would be any 
process using electrolysis to separate 
constituents of a solution, plating done 
by purely electronic means without the 
conventional plating “bath” and, as 
another extreme, a printing process 
called xerography in which the letters 
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are deposited on the paper electronically 
by charged particles on a surface, 

In the held of control we find 
industrial electronics employed in such 
diverse tasks as directing the operations 
of a large oil refinery, through to the 
simple photoelectric safety control on 
a  punchpress which protects the 
operator's hands from the crushing force 
of the machine. 

In the measurement field we find 
many industrial processes guided in ac- 
cordance with precise data obtained 
electronically from transducers which 
measure pressure, position, density, 
speed, weight, temperature, size, humid- 
ity, radiation, flow, vibration and strain. 

In this category we find equipment to 
detect pinholes in large sheets of steel, 
or very tiny particles of meta] in boxes 
of baby food; counters which count 
every jelly bean sealed in a colourfully 
printed celophane wrapper; automatic 
testers which accept or reject vacuum 
tubes, transistors, capacitors and resist- 
ors according to predetermined toler- 
ances; radiation detectors which auto- 
matically warn of danger when the 
radioactivity level in a process becomes 
unsafe and, on the other hand, gauges 
for registering the level of liquid in 
tanks which use radioactivity as their 
active element. 

In the examples given in the previous 
paragraph, measurements may well be 
tied in with a control system but there 
are other situations 
in which industrial 
electron instru- 
ments are used pure- 


Industrial elec- 
tronics plays its 
part in a delicat 
assembly oper- 
ation in a con- 
trolled environ- 
ment room. An in- 
dusi cam- 
era watches the 
assembly through 
the eyepiece of a 
microscope, the 
magnified picture 
being portrayed on 
the screen of a 
television monitor 
receiver. High a 
curacy can 

realised with a 
minimum of eye 
fatigue. (Photo by 
courtesy of IBM 
‘Aust. Pty. Ltd.) 


ly for measurement and recording. 
Typical of these are the electronic re- 
corders which keep a precise count of the 
gallons of oil in a refinery, the quarts of 
milk processed in dairy machines, the 
sensitive gauges which measure the exact 
amouni of flour in tall storage bins, and 
countless other such functions. 

Finally, there is a large group of elec- 
tronics equipment used in industry for 
communication of all kinds, often in 
conjunction with equipment in the cate- 
gories just mentioned. 

For example, we may mention such 
applications as industrial closed circuit 
TV systems, which permit one man in 
an operating position to keep careful 
watch, simultaneously, over many 
gauges widely separated in a factory; 
telemetering systems which convey data 
over considerable distances for control, 
co-ordination and recording purposes; 
and the familiar industrial public ad- 
dress and music systems, special inter- 
coms and portable, pocket-sized com- 
municators for large warehouses, 

"Other examples in the communica- 
tons category include alarm systems of 
all types and porportions, and for all 
kinds of purposes, from keeping out in- 
truders to warning of fire, flooding, 
overheating and the presence of danger- 
ous pases. 

Industrial electronics, viewed in all 

ts facets, is truly an enormous and 
rapidly expanding field, with plenty 
of job opportunities, particularly for 
those who will take the trouble to 
learn the basic fundamentals of the 
field, 

Because industrial electronic equip- 
ment most frequently forms only part 
of a factory plant, it is not uncommon 
to find that personnel responsible for the 
maintainance of the mechanical or elec- 
trical portions of the plant will frequent- 


ly be given the added responsibility of 
dustrial electronic equipment. , 

x equipment is basically 
might have little difficulty in maintai 
for more complicated equipment, such 


training in industrial 
knowledge, 


school, 
one way or another. 


On the other hand those who are about to embark 
on a career and feel that electronics might be a suitable 
give a thought to entering the world of industrial 


field might 
electronics. This can be a very reward- 
ing field, both financially and in job in- 
terest, and there is no doubt of the job 
opportunities for suitably trained men. 

Vocational guidance officers in the 
major training centres should be able to 
offer guidance in regard to job opportu- 

ies and courses available, 

Although it is not possible, in an 
article of this nature, to give even brief. 
details of all the equipment which might 
logically be classified as "industrial 
electronics" we can, nevertheless, outline 
certain typical equipment. By doing so 
we may perhaps aid our reader in gain- 
ins a better understanding of the field. 
, One of the common applications of 
industrial electronics is the photoelec- 
tric control of equipment. These devices 
can be simple or complex, depending on 
need, but industry will generally choose 
only those circuits which have very high 
reliability and which, for preference, 
will safe" if they have to fail, A 
man's life or limb may well depend on 
their proper functioning. 

An example of this is in the afore- 
mentioned punch-press safety control, 
One method of protecting a press opera- 
lor is to use a mechanical safety guard 
which must be raised to insert parts in 
the press and then lowered (excluding 
the operator's limbs from the working 
area) before the ge can be actuated, 
The guard mechanically operates a 
switch which is usually wired in series 
with the foot-pedal control of the press. 

Raising and lowering this guard takes 
lime and effort on the operator's part 
and the system is often subject to abuse. 
perators on bonus rates frequently 
"jam" the safety switch so that the press 
can be operated with the guard up, thus 
increasing their operating speed and, of 
course, their bonus rates, 


PHOTOELECTRIC CONTROL 


Industrial electronics can replace this 
cumbersome mechanical guard with a 
protective system based on the photo- 
emissive or photoconductive cell. 

The photoemissive cell consists of a 
glass envelope, vacuum or gas filled, 
and containing a cathode and an anode. 
The cathode is constructed from a 
material, usually caesium * sulphide, 
'h emits electrons when a light beam 
impinges on it, and these electrons are 
attracted to the high positive voltage 
applied to the anode. 

Most PE cells will not pass sufficient 
current to operate a relay directly so 
that, in practice, they are used to vary 
the bias on the grid of a thyratron 
valve which, in turn, is used to operate 
a control relay, 

The photoconductive cells are made 
from certain semiconductor materials 
which drastically change their resistance 
when the element is exposed to light. 
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ing 
f as an induction heat- 
ing plant, a specialised knowledge is required. 

In such a case there would be no substitute for a formal 
electronics to be added to their existing 
Probably the best way to obtain this knowledge 
would be through the special courses in industrial electronics 
offered by technical colleges or a recognised correspondence 

Employers will often sponsor this extra training in 


servicing the in- 


simple, these men 
it in operation but, 


Figure 2: Another example of photo-- 
electric techniques. A device, as il- 
lustrated above, can be used to limit 
the quantity of liquid or granular 
solid in a container, by reacting to 
the amount of light passing between 
the ends of the lucite rods. 


Typical materials used are 
silicon and cadmium sulphi. 
has the widest range since il 
to a wide range of ra 
red up to X-rays, Some of these cells 
will pass sufficient current to permit 
direct operation of a relay but, in indus- 
trial electronics, they are mostly used 
to operate a control valve (or istor) 
ang a relay in the manner of the PE 
cell, 


FOOLPRCOF" SYSTEM 


To provide a safety guard, the cell 
would be fed from a multiple path light 
beam so arranged that, while ever a 
solid object (e.g. the operators arm) is 
interrupting the beam, the safety relay, 
and therefore the press, could not be 
actuated. 

This system is acceptable to operators 
because it removes the cumbersome, 
mechanical safety guard and is parti- 
cularly acceptable by management 
because it is virtually foolproof. In use, 
it allows a press to be run at a faster 
rate, thus increasing its output. 

By way of example, a time study 
of a typical press operation showed that 
by removing the mechanical safety guard 
and substituting an electronic guard the 
Output of tie press was increased by 
over 20,000 parts per year, representing 
that number of extra operations. 

Then, too, photoelectric systems are 
often used to guard the press itself 
against injury. 

In many fast press operations there 
is an ever present risk of a part sticking 
on the die so that the next part is placed 
over the top of it and the press comes 
down on two parts. When íhis happens 
the die may be shattered or, even worse, 
the whole frame of the press may be 
fractured. 


To guard against this a photoelectric 


Figure 1: The brightness of two sur- 
faces can be compared, using a cir- 
cuit arrangement such as this. In 
practice, the system might be powered 
from the mi rather than from bat- 
teries, while modern semiconductor 
counterparts might be preferred to 
the photoelectric cells and valve, as 
depicted. 


cell and light beam may be placed so 
that as each finished part leaves the die 
and drops into the work bin it breaks 
the beam and "re-arms" the press ready 
to punch the next part. 

lt can readily be appreciated that 
there are many other applications for 
photoelectric control of the type just 
mentioned in industrial processes, not 
forgetting the "blood brother" of this 
control which is often encountered as a 
door warning shops, restaurants, 
garages, etc. Similarly, phototubes oper- 
ated by daylight are used to turn on, 


» automatically, plant and road lighting. 


An interesting and unusual use of 
Photoelectric circuits is in the com- 
parison of brightness of reflectance of 
colours, The circuit of figure 1 is typical 
of those used for this purpose. 

With this circuit objects of the same 
brightness are placed in front of each 
of the photocells and the earth point 


WHY NOT JOIN 
THE YOUTH 
RADIO SCHEME 


The Wireless Institute of Australia, 
which looks after the interests of 
amateur radio in Australia, conducts, as 
one of its educational agencies, a Youth 
Radio Scheme to ehcourage young Aus- 
tralians to follow fadio as a hobby and 
to, provide background for those who 
mi ht ultimately enter the electronics 
industry. after leaving school. 

The activities of the Y.R.S. are based 
on radio clubs in schools, colleges and 
youth organisations. Member may 
Obtain certificates at various grades of 
proficiency as evidence of their progress. 
Enthusiasts who do not find it possible 
to join a club can still participate in 
Y.R.S. activities through a postal group 
scheme, 

Further information about the scheme 
can be obtained from the Supervisor, 
Youth Radio Scheme, Wireless Institute 
of Australia, at the following addresses: 
Wireless Institute Centre, Crow's Nest, 

S.N. 


Box 36, P.O., East Melbourne, C2, Vic. 
Box 638-J, G.P.O., Brisbane, Qld. 
Box 1234-K, G.P.O., Adelaide S.A. 
Box 1002, G.P.O., Perth, W.A. A 
Box 851-j, G.P.O., Hobart, Tasmania. 
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place a standard object in front 
photocell (a) and a test object in 
t of photocell (b) the meter will 
ws a reading of brightness difference 
een the two objects. 
If need be, optical filters can be added 
p make the system selective in regard 
to colour values. 

Further, the meter can be replaced 
wilh sensi relays which are wired 

operate other circuits when actuated 

by plus or minus differences in bright- 
mess level. The system can thus be used 
“to accept or reject products by match- 
"ing them with a standard. 

_ À common application of this is the 
tion of fruit for colour, and if 
“colour or ripeness an indication of 
‘grade, the fruit may be sorted into cate- 
Bories by two or more circuits, func- 
loning in sequence. 

Another interesting application of 
photocells is in flame-failure safeguards 
n furnaces. For this purpose the photo- 
ll (usually water jacketed to prevent 
heating of the unit) looks through 


BRIDGE RECTIFIER 


60000000 


Fig. 4 


except that they are often supplied 
heavy mains modulation 


a hole in the furnace wall. In the event 
of flame loss, the circuitry operated by 
the photocell shuts off the fuel supply 
to the furnace to prevent a dangerous 
accumulation of unignited fuel. 

The design of these units is rather 
cunning in that they will respond only 
to the flickering light of the flame and 
will ignore non-flickering light such as 
is produced by radiant parts in the 
furnace or the furnace walls themselves. 

In most of these devices the circuitry 
contains a further safeguard in the form 
of a time delay mechanism which will 
not allow the fuel to be turned back 
on until a period of time has passed, 
sufficient to purge the combustion 
chamber of all unburnt gases. Most 
systems feature a warning light and bell 
which operate in the event of a flame 
failure. 

Before passing on to other types of 
industrial electronic equipment, we might 
mention one further common usage of 
photoelectric cells. This application is 
in level of liquids or small solids in 
bins, vats, etc. The diagram of figure 2 
will serve to illustrate the principle of 
this application. 

This diagram shows a photocell and 
a lamp in a small box, separated from 
each other by a compartment down the 
middle of the box, and with the light 
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from the lamp able to reach the photo- 
cell only by passing through the two 
lucite probes and across the gap between 
them. 

In use, this unit is mounted on a bin 
wall at the level to be sensed and con- 
nected to a relay which is actuated when 
the level in the bin reaches or exceeds 
this level. Relay action can be used to 
provide a visual indication or to initiate 
either a filling or emptying operation, 
depending on whether. the unit is 
mounted at the minimum or maximum 
level. 

In cass where 
photoelectric control 
with a light beam is 
required over greater 
distances, use is often 


50 CYCLE 
POWER IN 


achieved by 
chopping the beam at a 
rate of several hundred 
times per second with 
a motor driven disc 
having a series of 
equally spaced holes in 


Fig. 3 


BLOCKING 


RFC CAPACITOR 


Figure 4: Modern induction heaters are more akin to valve type transmitters, 
from AC or rectified 
ing of no special consequence. 


AC, as shown, the 


it. The photocell is fed into an amplifier 
with tuned circuits which will only 
resnond to the frequency of the chopped 
or "modulated" light, This system also 
has the advantage of being relatively 
insensitive to daylight illumination and 
other extraneous light. 

Induction heating is now well estab- 
lished as a modern industrial electronics 
process, but it is interesting to find that 
it was known in the early 1800s and 
was an established process shortly after 
the turn of this century. In other words, 
this kind of industrial electronics has 
been with us for several decades. 

The earliest of these induction heaters 
used a circuit similar to that shown in 
figure 3. It consists of a power trans- 
former, a spark gap and a tuned circuit, 
of which the “work coil" forms the 
inductor. This type of unit produces 
short bursts of high frequency damped 
oscillations and generators of this type 
have been made to supply up to several 
hundred kilowatts of RF energy. 

Many of these old spark type indust- 
rial electronic heaters are still in use, 
but modern heaters make use of 
thermionic valves, usually in a simple 
tuned-plate-tuned-grid oscillator circuit 
with the work coil being part of the 
plate tank coil. The basic circuit of such 
a generator is shown in figure 4. 


Note particularly the utter simplicity 
of this circuit including the lack of 
filtering or smoothing on the DC plate 
supply. In communications we could not 
tolerate 50 cycle modulation of the 
generated RF, but in heating, it is of 
no concern, This latter accounts, by the 
way, for the raw sounding signal these 
plants will produce in your broadcast 
or shortwave receiver if you are unlucky 
enough to suffer interference from such 
a source. 

In an induction heater the work coil. 
or in some cases the final tank coil of 
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Figure 3: An early type of RF in- 
duction heater, derived from spark 
transmitter techniq The "work 
coil" must be made physically large 
enough to contain the item to be 
heated, while the RF power level at 
which the device operates must be 
sufficient to raise to the desired 
temperature. 


the RF amplifier, is made large enough 
to surround the part to be treated. When 
a metal part is placed in this coil it 
is subjected to intense, changing mag- 
netic fields and these produce circulating 
or "eddy" currents within the metal, the 
metal becoming hot in the process. 

At lower frequencies this heating is 
substantially uniform throughout the 
conductor but, as the frequency is in- 
creased, the material tends to heat more 
rapidly on the outside than on the in- 
side. 

This effect can be used to control the 
depth of induction heating and, in fa 
with the right kind of equipment, it is 
possible to do what could never be done 
with a flame applied to the surface of 
a metal object — that is to accurately 
control the depth of surface hardening. 

By specially shaping the work coi 
an induction heater, it is possible to heat 
a piece of work to many different tem- 
peratures over and inside its mass sim- 
ultaneously. It is not difficult to see the 
obvious advantages of this, 

Also induction heating at higher fre- 
quencies, since it does not depend on 
natural magnetic properties in the metal 
itself, can be applied to any metal and, 
in fact, to any conductor, Thus glass, 
which is normally considered an insula- 
tor, becomes conducting when heated to 
600 degrees F and may then be further 
heated by induction methods. 

An induction heater is so rapid in 
operation that the equipment is readily 
adapted to conveyer-belt operation and, 
because of the uniform heating capa- 
bilities and the fact that induction heat- 
ing is virtually pushbutton control, high- 
quality results can be obtained by rela- 
tively unskilled operators. 

Closely allied to induction heating, 
but with significant differences, is di- 
electric heating. 

In induction heating the part to be 
heated is placed within the turns of a 


107 


work coil which is coupled to the plate 
tank of the power oscillator. Induction 
heating works by inducing eddy currents 
within the part under treatment so the 
part must be an electrical conductor, 
e.g. metals. 

, Dielectric heating, on the other hand, 
is used to treat non-conducting materials 
or, in other words, substances normally 
regarded as electrical insulators. With 
dielectric heating the capacitor in paral- 
lel with the plate tank coil of the power 
oscillator is made large enough so that 
the part to be treated may be placed 
within its plates. 

When a nonconductor is placed in a 
powerful dielectric field (as exists be- 
tween the capacitor plates in an indus- 
trial heater) the electrons of the material 
are alternately attracted and repelled by 
the changing flux of the field and this 
produces a distortion of the orbital 
paths of the electrons around their par- 
ent nuclei. 


DIELECTRIC HEATING 


There is a considerable mechanical 
energy involved in this distortion of the 
electron path and this mechanical energy 
is converted to heat energy. 

This, somewhat simplified is the 
principle of dielectric heating. Because 
the heating originates at the atomic level 
it is uniform without the material and, 
depending on the strength of the field, 
can be extremely rapid. It follows also 
that, the more often we distort the elec- 
tron orbit, the greater will be the amount 
of heat generated; thus frequency is im- 
portant. 3 
, As a matter of fact, dielectric heating 
is ineffectual at low frequencies and 
very high frequencies must be used. 
There is a practical limit to the fre- 

luencies used for dielectric heating, but 
the limit is imposed by the equipment, 
not by the principle. This kind of RF 
will cook any material which is non- 
conducting, even hot dogs and steak, but 
since steak is not entirely non-conduct- 
ing some other principles are involved 
and this will be discussed later when we 
get around to microwave cooking. 


ALTERS CONSIDERABLY 


, Dielectric heaters are mostly operated 
in the 27MC region, a band specially 
set aside for their use. Since the material 
being heated forms part of the dielectric 
of the tuning capacitor of the generator 
and the dielectric constant of the 
material alters as the material heats, it 
stands to reason that the frequency of 
the generator will alter, sometimes quite 
considerably, 
_ In some of the better type, modern 
industrial heaters the frequency of 
operation is controlled by a crystal 
oscillator which drives the final power 
amplifier that is actually doing the heat- 
ing job. The source of those raw sound- 
ing signals which often drift across the 
higher communications frequencies can 
usually be traced to a dielectric heater 
which is not crystal controlled. 

Dielectric generators come in all 
shapes and sizes, from small machines 
used to seal plastic bags through to 
"king size" equipment designed for 
laminating sheets of wood or plastic. 
The development of this heating process 
is more recent than induction Beating 
and more and more uses are being found 
for it every day. 

One of the most recent developments 
in industrial heating is microwave or 
"radar" cooking and, included in this 
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raise pre-cooked, frozen foods to serv- 
ing temperature in about 20 seconds, 
without causing the loss of texture 


familiar with other 


methods. 


and flavour 


Spencer felt a chocolate melt in his 
pocket and was prompted to investigate. 
lt was discovered that- microwaves 
striking objects reacted in three ways. 
Metal objects gave almost total reflec- 
tion of the microwaves, and this is the 
principle on which radar equipment is 
based. Good insulators, such as ceramic, 
glass, paper, etc., were “neutral” with 
the microwaves passing right through 
them without effect. Food and substances 
containing moisture absorbed the micro- 
wave energy and became hot, rapidly, 
uniformly, and in very much the same 
manner as a dielectric heater effects 
non-conducting materials. 

There is, at the moment, some lack 
of agreement on the exact manner in 
which microwaves heat foodstuffs. Some 
authorities claim that it is a combination 
of induction and dielectric heating, with 
the induction process working on those 
portions of the food which are con- 
ductors and the dielectric method heat- 
ing those portions of the food, such as 
fats, which are insulators, 

Other authorities feel that some sort 
of "resonance" "in the foodstuffs may 
be the factor responsible for the heating 
but, for ourselves, we are inclined to 
believe that it is dielectric heating with 
the big difference in dielectric constants 
(at the frequency involved) between the 
food and the plate on which it is placed 


Electronics in sport. At the Crystal Palace Recreation Centre in England, 


and tim 


electronic equipment stari 
who fails 


a swimm 


article, is a photograph of a “Radarange” 
which is now available in this country. 
Housewives may be interested to learn 
that a domestic version of this range 
will soon be available at a price which 
will, reputedly, be competitive with con- 
temporary ovens of more conventional 
heating methods. 

A microwave cooker usually consists 
of a magnetron which develops con- 
siderable RF power at approximately 
2,400MC and this is fed into an oven 
through a waveguide which has a rotat- 
ing vane in front of it. The rotating 
vane ensures that the microwave energy 
is evenly distributed throughout the 
oven. 

The cooking potential of microwaves 
was accidently discovered by Dr P. L. 
Spencer, of the Ame ‘can Raytheon 
Company. While testing ^ some 
magnetrons for radar applications, Dr 


races to split-second accuracy and stops 


to touch on a turn. 


being responsible for the food heating 
and the plate remaining cool in the 
oven. 

Whatever the cause, however, if is 
obvious that microwave cooking is here 
to stay and that it must eventually pro- 
duce some big changes in professional 
and domestic kcithens, And, more to 
the point of this article, it is obvious 
that this rapidly growing field must pro- 
duce demands for technicians who can 
understand and service the new equi 
ment. 

Although a microwave oven can cook 
a complete meal in less than 20 seconds, 
its greatest application is not the actual 
cooking, but in the "reconstituting" of 
food cooked by conventional means. 
Numerous studies have been conducted 
on such things as moisture, palatability, 
vitamin content and loss from evapora- 
tion and drippings and all indicate that, 
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from the speed of the cooking 
» the conventional method is still 
‘the best way to cook food. 

‘In a restaurant or hospital, however, 
food may be prepared (by conventional 
means) during slack or off-peak periods 
‘and then frozen and stored until there 
is a demand for it. It can then be 
reheated in seconds by the microwave 
oven and with no loss of food value or 
flayour. 

Such an operation spreads the work 
load over the whole day. This results in 
a more efficient use of labour, and the 
more rapid service permits a quicker 
turnover of customers. 

A rather off-beat example of the new 
fields which industrial electronics are in- 
yading is shown in our illustration of a 
new automatic starting and timing mech- 
anism for competitive swimming events. 


SPORTS TIMING 


"This equipment is installed at the 
racing pool of the new Crystal Palace 
National Recreation Centre in London. 
Timing is initiated at the instant an 
audible signal is given from inside the 
starting blocks so that swimmers receive 
the signal simultaneously. At the same 
time the starting block is made to vib- 
rate so that even the time delay of the 
sound reaching the competitors’ ears is 
eliminated. 

Rubber enclosed pads on the waterline 
at both ends of the pool contain con- 
lacts t0 register that the swimmer has 
reached one end or the other, and signals 
from these pads can be interlocked with 
the starting blocks for relay races. 

The timing equipment in this setup 
is based around a IMC crystal standard 
and this is coupled to automatic readout 
equipment which gives times, order of 
finish and any disqualifications, In the 
event of a disqualification a signal is 
automatically given to recall the swim- 
mers and drop the disqualification rope 
into the pool. 

Much of industrial electronics is 
associated with the measurements of 
physical phenomena occurring during 
the operation of an industrial process. 
Factors such as heat, pressure, vibration, 
strain, etc., must be converted from a 
physical factor into an electrical signal 
and, to accomplish this, a device known 
as a "transducer" is used, 

Although these devices range from 


simple to highly sophisticated types, they 
all operate on well known physical prin- 
ciples. To conclude this section of our 


TELEVISION 


A notable omission from this 
course is a section on television, It 
had been our intention to publish 
special chapters on the subject in the 
original series, but circumstances 
conspired to make it impractical, 
We may be able to compensate by 
publishing companion material at a 
future date in “ELECTRONICS Aus- 
tralia” but felt that it would be un- 
realistic to hold up this present print- 
ing until it could be written and 
prepared. In the meantime, there 
should be plenty to occupy your 
attention in the material which is 
presented! 
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course we might examine a few typical 


transducers with a view to finding out 
how they work and how they are used. 

Many industrial processes use pres- 
sure in some phase, whether this is 
liquid, gas, steam or simply air. Pro- 
bably the earliest forms of pressure 
transducers are based on the simple 
Bourdon tube (a spirally wound tube 
which tries to unwind itself when we 
increase the pressure inside it) and the 
familiar aneroid barometer, which is 
a simple chamber having one wall in 
the form of a bellows which expands 
outwards when the pressure in the cham- 
ber increases. 

In their simplest form these devices 
might mechanically operate a pointer 
which directly reads pressure but if the 
pointer is replaced with a potentiometer 
having a DC voltage applied to the ends, 
the wiping arm of the potentiometer will 
give a varying DC potential propor- 
tional to the motions of the chamber or 
tube. 

This DC potential may be used to 
operate a moving coil or digital volt- 
meter for direct readout of pressure. The 


$ BONDED STRAIN GAUGE 
Fig. 5 


Our illustration shows the basically 
simple form a “bonded” strain gauge 
might take. In many applicatio 
these gauges are often conside 
expendable, 


advantage of this type of transducer over 
the purely mechanical form of instru- 
ment is that its output, being in the 
form of an electrical signal, may be 
conveniently monitored at a point re- 
mote from the transducer. 

It has the additional advantage that 
its electrical output may be wsed to 
operate, usually through a valve ampli- 
fier, relays which control the industrial 
processes associated with the pressure 
being monitored. 

Another very common form of pres- 
sure transducer makes use of rochelle 
salts or ceramic crystals. These materials 
exhibit "piezoelectric" propeities, that is 
to say, they will produce electrical 
signals when acted upon by a mechanical 
force and, conversely, they will be mech- 
anically deformed when subjected to an 
electrical signal. It is the former property 
which is used in the case of a pressure 
transducer. 

Piezoelectric transducers usually con- 
sist of a small chamber with a dia- 
phragm at one end which is mechanic- 
ally fixed to the crystal, the crystal it- 
self being fixed to the walls of the cham- 
ber. For use instrumentation circuits 
ceramic materials, such as barium titan- 
ate, are generally preferred to the 
natural crystaline substances because 
they are not as susceptible to changes 
in temperatur? and humidity. They offer 
high output, excellent frequency response, 
practically no phase shift, and small 


compact construction. 

In industry there are many instances 
where a measure of the thickening. 
bending or twisting of a metal bar may 
be required. A typical example of this 
would be the testing of an aircraft frame 
where the whole structure would be sub- 
jected to stresses, perhaps far in excess 
of those it might normally encounter, 
and a measure of the strain at various 
positions on the frame would be required. 

For this purpose a "bonded strain 
gauge" of the type illustrated in figure 5 
would be used. Of all the transducers 
used in industry, this is probably the 
simplest and yet it is most effective in 
terms of what it can reveal. 

It consists, essentially, of some 
extremely fine wire which is formed into 
a “grid” shape and then cemented to a 
thin piece of insulating material, In use, 
this whole unit is cemented to the struc- 
tural member on which it is desired to 
measure strain. 

When the member to which the gauge 
is attached deforms even slightly, the 
wire in the grid will be slightly elon- 
gated and, if we add together all the 
bits of lengthening of all the sections 
in the grid, it amounts to quite a sub- 
stantial total lengthening of the wire 
in the grid, 

Since the resistance of the wire is pro- 
portional to its length and to its cross 
section, a slight elongation of the 
member can change the resistance of 
such a fine wire by quite a measurable 
amount. 


STRAIN GAUGES 


Strain gauges of this type are usually 
placed in one leg of a “bridge circuit 
which is fed with audio voltage so that 
the signal output is easy to separate 
from the noise and amplify in a tuned 
amplifier. 

In a typical airframe testing several 
hundred of these gauges might be 
cemented to strategic points on the frame 
and their output recorded on suitable 
instruments as the frame undergoes 
stress testing. 

Transducers that employ a change in 
capacitance to indicate some mechanical 
function are commonly employed in 
industrial instrumentation. 

A typical example of this is in the 
measurement of deviations from true 
centre (runout) on the shaft of a rotating 
device, For this purpose a small metal 
plate would be placed near the rotating 
shaft and the plate and shaft connected 
as a capacitor across the coil in am 
oscillator set to run at around 15MC. 

Any deviation in the spacing between 
plate and shaft would result in a change 
of the oscillator frequency and, with the 
use of a suitable demodulator circuit, 
this FM signal can be converted into 
an anolog output voltage. 

Probes of this type can indicate differ- 
ences of a few microinches and, since 
they have excellent frequency response, 
they are most useful in dynamic tests 
of the type mentioned. They can also 
be used, with suitable modifications of 
the probe, in static tests, usually in the 
form of an “electronic micrometer.” 

There are, it will be realised, many 
other forms of transducers used in 
industrial electronics which space will 
not permit us to list. For those with a 
further interest in the subject, we would 
suggest obtaining one of the better books 
on the subject or perhaps a course at 
one of the technical colleges or recog- 
nised correspondence schools. 
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CHAPTER 21: 


Practical set construction. 


Simple regenerative circuits. Salvaging parts from old sets. 
Types of power transformer. Resistors to control HT 


voltage. Alternate valve types. 


Sockets, pin connections and other valve data. 
Valve data books. Old type loudspeakers 
and modern substitutes. Physical layout and critical leads. 


Points about regeneration. Adjusting the coils. Coil de’ 


AS a change from the broader dis- 
cussions which have characterised 
the last few chapters of this course, this 
chapter is devoted to essentially practical 
things. It is particularly aimed at our 
younger readers who, while keen to put 
theory into practice and build something 
for themselves, are often embarrassed by 
the cost of new components, and must 
make do with what they can acquire 
from discarded radios, from “an older 
friend's junk box, or the disposals 
market. 

We have therefore gathered together 
a selection of circuits from past issues 
which, either by design or by reason of 
the period from which they come, use 
those components most likely to be 
found on present day discarded chassis. 
With a little ingenuity, most, of the major 
components may be used, and only a 
few shillings need be spent, mainly on 
minor components. 

With simple receivers the most popu- 
lar circuit, arrangement is the regenera- 
tive detector (see Chapter 10) and, in 
this respect, all the circuits featured are 
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basically similar. This simplifies coil 
details since a single set, of data can be 
used for all the receivers. At the end of 
this article will be found coil winding 
details for coverage from the broadcast 
band through to 30MC with the receivers 
described. 

In preparing this article we are mind- 
ful of the fact that some of the power 
transformers shown deliver considerably 
less voltage than most of those used on 
full size receivers. To overcome this 
difficulty, we have included details which 
will allow the receivers described to use 
the transformers salvaged from discarded 
broadcast sets. 

In many receivers the transformer 
used has only one filament winding and 
is used with 6X5GT and 6X4 type recti- 
fiers. If your transformer has two or 
more filament windings then one can be 
used to power the filament of the recti- 
fier, independently of the other valves 
in the receiver. In this case any of the 
following valves could be used as a 
rectifier: 80, SY3GT, 
5V4G, SRAGY, SAZA, STÀ, 5DJ4, 
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5BC3, TAA swacr, 5X4G, SY4G. 

The first of the sets we present is 
“Monty,” an interesting little receiver 
which appeared in the July 1945 issue 
of the magazine. "Monty" used a 6J8G 
valve which, at the time the article was 
written, was about the only triode/pen- 
tode available on the market. Today, 
there are a number of triode/pentodes 
available, many of which would probably 
work in this circuit with only minor 
changes; 

Many of the disposals stores have 
available, at a very reasonable price, 
valves of the "loctal" base series. The 
type numbers of these valves mostly 
begin with the figure 7 and valve socket 
to suit them can often be obtained, also 
at a very reasonable price. The type 737 
or 7S7 can be directly substituted for the 
6J8G in our "Monty" receiver circuit. 

In this respect it will be appreciated 
that the use of substitute valves, even 
where recommended for the circuit, 
usually presents the problem of pin 
numbers and socket connections. Since 
it is impossible for us to list all the 
possible variations on this theme, the 
reader will have to exercise a little 
initiative, and track down this informa- 
tion for himself. 

In fact, we imagine most followers of 
the course will, by now, have acquired 
some valve data books or sheets (Chap- 
ter 6). If not, then this is as good a time 
as any to start. Such information is 
normally available from local valve 
manufacturers either gratis or for a 
nominal charge. However, some of the 
more comprehensive books, both local 


Our original version of this set. While à logical 
arrangement with new components, it need not be 
followed if salvaged components can be used. 


This circuit uses a 6J8 triode-pentode valve, with 

the pentode as the detector and the triode as an 

audio amplifier. It is about as simple a set as can 
be envisaged. 
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‘imported, are a little more expen- 

costing perhaps £1 or more. Con- 

ig the information they contain, 

the value to the user for many 

to come, they are well worth the 

‘Two typical volumes are the “RCA 

ceiving Tube Manual" and “Miniwatt 

hnical Data." (See also page 71 Sep- 
ember 1964 issue.) 

‘Finally the matter of the power trans- 

mer, As shown, this circuit was de- 

gned for a transformer of around 150 

| 200 volts (per side) but can be used 

fh a larger transformer if a suitable 

resistor ("R") is included in the filter 

üt. For a 250V transformer, "R" 

“should be 2000 ohms, IW. For 325V; 

-12,000 ohms, 2W. For 385V; 25,000 


ohms 2W. The current drain in this case 
o small that, any transformer should 
‘be adequate, 


E "MINIVOX" 


- Another very popular little receiver 
the "Minivox" which we featured 
the December 1947 issue. This 
Ier uses 3 valves, including the 
fier, and will give quite respectable 
dspeaker volume, particularly when 
d on the broadcast band for local 

station reception. 

- The 6V6GT power output valve in 
circuit could be replaced with the 
types 7A5, 7B5 and 7C5 and the 

SITGT with types 7V7, 7W7, 7L7. 

G7 and 7C7. Modern small 7 and 9 
vales can of course be used and for 
circuit we suggest a 6AU6 to re- 

lace the 6SJ7GT and a 6M5 or 6AQS 
for the 6V6GT. The 6M5 will need a 
“cathode bias resistor of about half that 

weeded for the other types. 

If a 385V transformer is to be used 
a 10K-5 watt resistor should be used 
as in the previous circuit, A 325V trans- 
former would need a 7.5K-5 watt resis: 
tor, and for a 250 or 225V transformer 
it would only be necessary to change 
‘the value of the cathode resistor on the 
6V6GT to 470 ohms—all other values 
remaining the same. 

In the May 1950 issue we published 
our "50-Three," a small receiver which 

asically, no different from the 
"Minivox" except that it used the type 
EFSO valve. This valve is a very high 
gain pentode and was used by the hun- 
dreds of thousands in services equipment 
during the last war. We understand that 
these valves are still available at about 
tight for £1, so there is good reason to 
consider this particular circuii 


POWER OUTPUT 

Although it was never designed to 
operate as a power output valve, the 
EF50 gives a good account of itself in 
this position and will provide good 
speaker volume on reasonable signal 
levels. The 20,000/3.5 ohm speaker 
transformer might be a little hard to 
obtain these days, but transformers hav- 
ing a lower impedance ratio could be 
used with some loss of volum. 

If the “50-Three” is used with a 385V 
transformer a 12K-5 watt dropping re- 
sistor should be used. For a 325V trans- 
former use an 8K-5 watt resistor and for 
à 250V transformer use 4.7K at 3 watts. 

The circuit of this receiver, in com- 
mon with many others in the article, 
Was published before “preferred values" 
Of resistors and capacitors were estab- 
‘ished. It will, therefore, not be possible 
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This set uses a conventional power output valve and so is quite capable of 
operating a loudspeaker in reasonable signal strength areas. 


to purchase many of the values shown 
on the diagrams and in this case the 
nearest preferred value should be used. 

In the circuit of the "SO-Three," for 
instance, a “.05” resistor (.0$M or 50K 
—which ever way you like to look at 
it) would be replaced with a 47K resistor 
—this being the nearest, preferred value. 
Similarly, the .005uF capacitors would 
be replaced with .0047uF units, again the 
nearest preferred value. 

The next circuit we present is that 
of "Little Jim," a small receiver with 
quite a history and a name which will 
bring a smile of recognition to the face 
of many an "old timer." There are, 
today, man professional radio techni- 

"cut their teeth" on the 
relly 

This receiver was originally featured 
in the very first issue of “Radio and 
Hobbies” (April, 1939) and such was its 
popularity, that it was revised, revamped 
and refeatured in many succeeding issues. 
The version we present in this article 
appeared in the May 1953 issue and was 
the last published version, 

The receiver uses a twin triode valve 
in a regenerative detector—audio ampli- 
fier configuration and will give a good 
account of itself when used with high 


impedance earphones. The major differ- 
ence between this circuit and the three 
so far shown is that it uses capacitive 
control of regeneration in lieu of the 
variable resistors used in the other 
circuits, 

If desired, disposals valves such as the 
6SN7GT and 6SL7GT could be used in 
lieu of the 12AT7. For use with a 385V 
transformer the series resistor would he 

25K at 2 watts and for transformers of 
, 250 and 225V the resistor would 
be 18K, 10K and 8K respectively. These 
sistors should have a rating of 


The last of the circuits we present is 
the “Basic Three" which was featured, 
originally, in our November, 195N issue, 
This receiver was deliberately designed 
to make use of any "junk box” parts 
which might happen to be lying around 
or, alternatively, it could be put together 
from parts salvaged from an old broad- 
cast receiver. 

The rectifier valve in this circuit can 
be any one of the following: 80. 5Y3 
(GT), ^3, SU4-G, 83V, $V4-G and 
5R4-G. The rectifiers just listed are the 
ones most likely to be obtained from an 
old style receiver, All are intended to 
operate from a separate 5 volt winding 


SPEAKER V/C 
3 TO 4 OHMS, 


17 SMALL CHOKE 


This set will alsu operate a loudspeaker, although the rather unconventional 
use of the EF50 as a power valve will limit the available power. 


on the transformer with the HT taken 
from one filament pin. 

If you should happen to have on hand 
‘one of the more modern miniature recti- 
fiers, such as the 6X4, 6V4, etc., they 
could be used provided the transformer 
has a 6.3 volt winding. This can supply 
one of the above mentioned rectifiers 
as well as the other valves, the HT being 
taken, in this case, from the rectifier's 
cathode pin. 


RECTIFIER SOCKET 


The rectifier socket, if salvaged from 
an old set, will most likely be of the 
wafer type and must be thoroughly 
cleaned before using. If there are any 
signs of breakdown or charring between 
the pins, the socket should be discarded. 
Cleanliness is important for the rectifier 
socket because it is subject to a con- 
siderable voltage and, together with the 
speaker socket, would be the first to 
break down if the insulation is imparied 
by charring or excessive dirt and solder- 
ing flux. 

If the power transformer has a 2.5 volt 
filament winding on it (and many of the 
older types have only this voltage for 
filament windings) then type 59 or 2A5 
valves could be used as power ampli- 
fiers. If the type 59 valve is used its 
third grid should be conected to the 
cathode. 

If the transformer has a 6.3 volt wind- 
ing then types 6F6, 6K6 and 6V6 could 
be used in the putput socket. All of the 
above valves will work in the circuit as 
is and require the speaker transformer 
to have a primary impedance of 5,000 
to 7,000 ohms. 

The loudspeaker shown on the circuit 
diagram is, incidentally, of the "electro- 
dynamic" type, since this is the type 
most likely to be found on an old radio 
set. If the speaker you have on hand 
happens to be of the "permanent mag- 
net" type it may be used by substituting 
a filler choke and resistor, in series, in 
place of the field coil. The choke should 
be rated at at least SOMA and from 10 
to 30H, and the resistor should be of a 
value to make the total value (choke plus 
resistor) to 2,500 ohms. 

Many of the older 
European output valves, 
types EL3NG, EL33, 
ÉL33B. These valves 
can be used provided 
the transformer has 
à 6.3 volt filament 
winding but the 
cathode resistor 
would need to be 
changed from the 
470 ohms shown on 
our circuit to 150 
ohms. Also these 
valves are sometimes 
prone to parasitic 
oscillation and may 
require the addition 
of a 10K resistor be- 
tween their grid and 
the moving arm of 
the volume control, 

A large number of 
valve types can be 
used in the detector 
socket of the recei- 
ver. Among the bet- 
ter known types are 
the 24A, 78, 58, 
6C6, 6D6, EF39, 
6U7, 77, 6K7, 6SK7, 
6S7, 617, and 6SJ7. 


receivers used 
notably the 
EL33A and 


REACT, 
CAP. 


(REVISED) 
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Another design for loudspeaker operation. 


As with the output valve, they must be 
of a type requiring the same filament 
voltage as is available on the transformer 
and, of course, you will have to provide 
the right type of socket and appropriate 
connections to it. 

» All the circuits we have described call 
for a single section (“gang”) tuning 
capacitor, and these are sometimes avail- 
able quite cheaply from disposals and 
other sources. However, most old radio 
sets are fitted with a two gang capacitor, 
and there is no reason why these should 
not be used if they are on hand. As- 
suming that they are working correctly, 
it is simply a matter of ignoring one 
section. 

The physical form which sets of this 
kind are likely to take will vary a great 
deal, depending on the whims of the 
builder, and the size and shape of the 
chassis, dial, power transformer, etc., 
which happen to be available. 

Fortunately, most of the wiring in 
such simple sets is not unduly critical. 
The exception is the tuned circuit, and 
the leads to and between the tuning 
capacitor and coil should be kept as short 
as possible. This is most important at 
the higher frequencies. 

The success of these simple sets is de- 
pendent almost entirely on the correct 
functioning and adjustment of the regen- 
erative circuit. If the set does not re- 
generate it will have poor sensitivity and 


may appear not to be working if there 
are no strong signals around. It will 
also lack selectivity and, where there are 
strong signals present, these will swamp 
any weaker ones. 

‘The regeneration must also be smooth 
so that it can be accurately set for best 
results. A set should "slide" into re- 
generation, never "plop" or "jump" in. 
It should also come out of regeneration 
at the same setting of the control at 
which it went in. 

The regeneration winding on the coil 
has a great deal to do with this be- 
haviour. If connected the wrong way 
round, the set will not regenerate at all. 
If too close to the secondary winding, 
or too large, regeneration will be fierce 
and difficult to control. If too far away, 
or too small, regeneration may not occur 
over part or all of the band. 

Where a pentode detector valve is 
used, and the screen voltage is varied 
to control regeneration, there is a danger 
that the coupling between the regenera- 
tion and secondary windings may be too 
tight, making it necessary to reduce the 
screen voltage to a very low value in 
order to control the regeneration, This 
results in poor performance from the 
valve. If this is suspected, the coupling 
should be slackened until it is only just 
sufficient to ensure reliable operation 
over the band. 


Another simple 

t, intended for 
earphone opera- 
tion, The twin 
triode is unlikely 
to be found in a 
discarded set, but 
should be avail- 


i00 
approx. 


able cheaply 
through disposals. mer 
The rather un- 

usual heater con- TT NUT 
nections for the d 


12AT7 are to en- 
able it to operate 
from 6.3 volts. 


DRAWN: MON, 


DETECTOR OUTPUT 


SPEAKER 
SOCKET 


This set was specifically designed to use parts sal- 
vaged from an old receiver, and will work with a wide variety of valves. 
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designed for use with a tuning capaci- 
tor with a maximum capacitance in vic- 
inity of 400pF. The overlap is sufficient 
to allow for considerable variation in 
maximum and minimum capacitance. 
All coils are wound on Itin diameter 
formers, which is the most usual size 
for plug-in coils. For the sake of econ- 
omy, only three popular SWG gauge 
enamelled wires are specified. Wires of 


Coil Details for 
Small Receivers 


DURING past years, hundreds of small Slightly different gauge and/or with dif- 


sets have been described in techni- 
cal magazines for home construction and 
there has been a wide variation in the 


ferent insulation could be used, but due 
allowance would have to be made for 
the different space occupied by the 


design of appropriate tuning coils. coils and the resultant effect upon the 
The accompanying data will be found inductance, 
suitable for nearly all small regenerative It is helpful to refer to wire tables, 
receivers, with or without an R-F stage: as given in the “Radiotron Designer's 
Formers should be of the usual 14in Handbook" and similar texts, Thus, 32 
diameter, either ribbed or plain. SWG gauge enamel .will be found to 
Exact coil requirements for any indi- Occupy similar winding space to 29 or 
vidual set are affected by associated com- 30 B & S gauge enamel, or to 32 B & S 
ponents and reception conditions gener- Bauge DSC, and so on. Wire requiring 
ally, so that a little experimenting will greater winding space may make the 
often result in vastly improved perform- broadcast coil too long to fit on to the 


ance. 

Thus, if a receiver proves in practice 
lo be too unselective try the effect of 
reducing the number of turns on the 
primary winding and/or increasing the 

icing between primary and secondary. 

is improves the selectivity at the ex- 
pense of the gain. Increasing the number 
Of turns and/or the coupling has the 
opposite effect. 

With regard to the reaction winding: 
M the receiver fails to oscillate towar 
the low frequency end of the band, it 
may be necessary to increase the number 
of turns on the reaction winding and/or 
to move it closer to the secondary. If 
the reaction cannot be controlled prop- 
erly, it may be necessary to remove 
tums and/or move the winding away 
from the secondary. If the reaction does 
not work at all, try reversing the con- 
nections to the reaction winding. 

For reasonable coverage of the broad- 
cast band, a tuning capacitor with a 
maximum capacitance of from 350 to 

© 400pF (.0004uF) is requi The use 
of a smaller tuning capacitor would neces- 
sitate additional sets of coils, or, alter- 
natively, switching in a capacitor in par- 
allel with the tuning capacitor to cover 
the low frequency end of each band. 

Thus when using a .00025uF capa- 
citor, the high frequency portion of each 
band may be covered in the normal 
manner. To cover the low frequency 
portion, switch a mica capacitor of 
0001 or .00015uF directly in parallel 
with the tuning capacitor. 

The coil details given in the table are 


BAND 
(With Trimmer) 


1620KC to 550KC. 


2MC to 570KC 
(Broadcast Band) d 


(Broadcast Band) 


BAND 
(Without Trimmer) 


former. 
The broadcast reaction winding must 
use fine wire to allow the required num- 


ber of turns in the small space at the 
grid end of the secondary. 

Wire gauges for the other bands are 
less critical, since winding space is not 
a problem. However, the specification 
should be followed as closely as possi 

Unless otherwise stated all coils are 
normally wound in the same direction. 
The normal connections are as follows: 
Top of reaction winding to the "earthy" 
side of the circuit, bottom toward the 
plate or screen. Top of the secondary 
winding toward the grid, bottom to 
earth; top of the primary winding to 
the aerial or to plate, as the case may 
be, bottom to earth or to B plus. 

For simple receivers having no RF 
stage the coil will consist of am aerial 
primary winding, secondary winding, and 
reaction winding, The arrangement of 
the windings on the former is shown 
in the accompanying diagrams, the one 
on the right. applying to most of the 
lower frequency band coils and that on 
the left showing the general style for 
the higher frequency bands where space 
winding and interwound winding is used. 

In the case of a set using an R.F. 
stage there will be some re-arrangement 
of the various windings. The aerial coil 
will now consist of two windings only, 
one wound to the "aerial primary" 
specification and the other to the "secon- 
ary" details. The RF coil will have 
three windings, wound according to the 


AERIAL PRIMARY RF PRIMARY 


15T. 32 SWG Enam. 

Spaced 3/16in from 

earthed end of sec- 
ondary. 


Increase to 25 turns 


SECOND- 
ARY 


PRIMARY 


The goneral style of winding for the 
low frequency close wound coils. 


1 REACTION 
CAPACITOR 


The general style of winding for high 
s, showing spaced wind- 
erwound. primary. 


ing and 


RF primary," "secondary," and "reac- 
tion” data- 

In order to ensure perfect tracking 
between the two stages each coil should 
have exactly the same inductance and 
any stray capacitance in either circuit 
will need to be balanced out by means 
of trimmer capacitors. Failure to match 
the two coils will cause poor tracking 
— and poor performance — at the low 
frequency end of the band and render 
it difficult or impossible to peak the 
trimmers at the high frequency end. 
Stray capacitance, if mot corrected by 
means of trimmers, will cause poor track- 
ing at the high frequency end of the 


band. (Continued on page 119). 


SECONDARY REACTION 


40 - &0T. 40 SWG 
Enam. Spaced Vain. 


from grid end of sec- 
ondary. 


1007. 32 SWG Enam. 
Close wound 


79 to 256 metros 


64 to 255 metres 
3.85 to 1.7MC. MC 


IIT. 32 SWG Enam. 

Spaced Vain from 

earthed end of soc- 
ondary. 


Increase to 15 turns 


20 - 35T. 32 SWG 
. Spaced Vain. 

from grid end of sec- 
ondary. 


38T. 25 SWG Enam. 
Close wound 


26.7 to 103 metres 
11.2 to 29MC. 


32 to 108 metres 
9.3 to 2.8MC 


5T. 32 SWG Enam. 

Spaced 1/I6in from 

earthed end of sec- 
ondary. 


Increase to 8 turns 


9 - I5T. 32 SWG 

Enam. Spaced Vai 

from grid end of sec- 
ondary. 


137. 25 SWG Enam. 
Spaced to occupy 
Yin. 


10 to 36.6 metres 
30 to 8.2MC 


M to 37 metres. 
27 to MC 
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IT. 32 SWG Enam. 
Interwound from 
earthed end of sec- 


ondary. to 3 turns 


Increase 


4 - 6T. 32 SWG 

Enam. Spaced Vein. 

from dend of sec- 
ondary. 


4T. 25 SWG Enam. 
Spaced to occupy 
hin. 
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CHAPTER 22% Following last month's chapter 


on practical set construction, we are presenting a similar 
chapter this month. However, whereas last month's 
circuits were intended for use with components 

salvaged from old sets, this month's project is a new design 


using all new parts. 


EOM the earliest days of radio, the 
majority of enthusiasts seem to 
have "cut their technical teeth" on small 
Tegenerative receivers, progressing later 
to bigger things, The transistor receiver 
described here is in true tradition, as far 
as general form is concerned, but the 
transistors and their associated circuitry 
can provide an effective introduction to 
modern techniques, 

, Strictly speaking, the term “regenera- 
tive” receiver can be regarded as applic- 
able to any receiver employing the prin- 
cipal of regeneration (or positive feed- 
back) anywhere in its circuitry. 

However, as you will have come to 
appreciate, if you have followed our 
Basic Radio Course, it is usually taken 
to describe a receiver in which the de- 
tector, for maximum gain and selectivity, 
relies on the use of regeneration, reac- 
tion, or positive feedback. In this con- 
text, all three terms mean much the 
same thing. 

The simplest regenerative receiver 
would be one using only a detector feed- 
ing, probably, a pair of headphones. 
Larger regenerative sets incorporate one 
or more stages of audio amplification 
after the detector and/or, less frequently, 
à stage of RF amplification ahead of 
the detector. (If further explanation is 
required, we would refer you, once 
again, to Chapter 10 of the Basic Radio 
Course.) 

Over the years, we have described 
many regenerative receivers in this 
journal, details of some being available 
still through the Information Service. 


Of these, circuits using battery-power- 
ed valves can be regarded as truly obso- 
lete, Battery-type valves were never dis- 
tinguished for reliability,  Partormance or 
economy so that, by and large, even if 
you have some of these valves on hand, 
it is probably cheaper not to use them! 

The money you might spend on bat- 
teries to power them would be better 
put towards buying transistors, 

Regenerative receivers using mains- 
getan valves are in a different class, 
if only because they can often be buil 
with a minimum of outlay, and with 
ood experience, using parts salvaged 
rom discarded receivers. That is why 
we presented a selection of such circuits 
last month. 

For those who may prefer to use new 
parts, it is very hard to go px the 

ind of transistor receiver described 

here, with the distinct advantage that 
no high voltages are present, to make 
contact with, accidentally. 

Unfortunately, we cannot pretend that 
building a receiver like this, using all 
new parts, is a very economical propo- 
sition. If the purpose is primarily to 
acquire a receiver to "follow the hits," 
it is hard to compete with the cheaper 
transistor sets which are so plentiful just 
now on the local market, 

But a manufactured receiver will leave 
its owner as ignorant as ever of tech- 
nicalities and there is much to be said 
for fuking up a small regenerative re- 
ceiver, with a view to gaining experi- 
ence, particularly if savings can be effec- 


Left: 


ted by judicious buying from surplus 
sources, 

From a home-built receiver, many 
Prospective constructors may be quite 
satisfied with broadcast station reception 
only. However, others may fancy the 
prospect of listening to conversations be- 
tween Amateur Radio operators and tun- 
ing to overseas short-wave stations. To 
cater for both tastes we have made pro- 
vision for plugging in different coils, If 
broadcast reception only is required, one 
coil only need be wound. Should the 
short-wave urge develop at a later date, 
additional coils may be provided, 

The coil data supplied allows the re- 
ceiver to tune radio signals between 
500KC and 20MC. The broadcast coil 
gives sufficient tuning range to cover the 
University of N.S.W. broadcasts on 
1750KC, a feature that will have some 
appeal for N.S.W. readers. The coils have 
been designed to give a small overlap in 
the tuning ranges, so that no portion be- 
tween the abovementioned limits will be 
omitted. 

While some may require this receiver 
to operate as a "mantel" set with loud- 
speakers, others may prefer to use head- 
phones. Provision is made, by the use 
of a suitable phone jack, to cut out the 
speaker when earphones are plugged in. 
This allows the set to be operated at any 
time of the day or night, without disturb- 
ing other occupants of the house. 
Although the power output is in the 
vicinity of 45 milliwatts only, this can 
represent quite a lot of noise in a quiet 
situation. 

Referring to the circuit diagram it will 
be noticed that three transistors in all 
are used. first transistor is a 
2N372, 2N370 or 2N371, all of. which 
are designed for high frequency applica- 
tions. This class of transistor is com- 
monly referred to as a "drift" transistor 
and its use allows the detector circuit 
1o operate efficiently to the top of the 
frequency range selected for our re- 


Above: Front view of the complete receiver. Output may 
be directed to either the internal speaker or a pair of 
headphones. Frequency range is from 550KC to 20MC. 


Rear view of the receiver, 
Note the Planetary drive in front 


showing general layout. 
of the turning capacitor. 
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ceiver. An alternative detector transistor 
Suggested in our circuit diagram is a 
used alloy transistor, AFIISN, with 
similar properties to the drift transistor. 

The circuit which selects the fre- 
quency to which the receiver is tuned 
comprises the plug-in coil and a variable 
capacitor of approximately 10-415pF. 
The signal from the aerial is injected into 
the tuned circuit via a tap on the coil in 
the three lower bands and separate prim- 
ay winding on the highest frequency 
coil, 


This represents a slight departure in 


: 2 

method from that suggested for the cir- E 10K pU 1:5 (TRANSISTOR 
4 i a pom INTERSTAGE 

cuits last month, but there is no special TRANSFORMER 


significance in this. Separate primary 
windings and tappings on the tuned 
secondary are both legitimate methods 
of introducing signals from the aerial. 

Next comes the tuned circuit itself. To 
obtain maximum transfer of energy from 
one circuit to another it is necessary to 
consider their relative impedance levels. 
The tuned circuit exhibits a high imped- 
ance between the two ends of the coil, 
whereas the transistor detector has a 
relatively low impedance input. To ob- 
tain a good impedance match it is neces- The circuit features a form of direct coupling between the audio and out- 
sary to connect the coupling capacitor put stage. This also provides thermal stability for the output stage, under 
from the base of the transistor to a tap high ambient temperature conditions. Note also the alternative headphone 
on the coil, as shown. output. circuits. 

The base and emitter circuit of a 
transistor, considered alone, is not unlike 
à simple "crystal" diode, with its prop- 
erty of passing current more readily in 
one direction than the other. In effect, 
the incoming signal is rectified or "de- 


Ans E acre ocn 


"-—— 3 REVERSE} 

ay HIGH IMPEDANCE 

MAGNETIC OR 

CRYSTAL 

EARPHONES 

E 

JACK FOR LOW 

JACK INSULATED FROM METAL PANEL IMPEDANCE, 
MAGNETIC FARPIECE 


SPKR 


However, our coils are designed so that OC74 in the output stage. While the 
sufficient regeneration can be achieved OC72 is not a current type we feel 
on all bands, that there may be quite a few of these 
The audio section of the receiver con- transistors in the hands of our readers. 
id of viet IEHPNIIRUS directly S. For anyone who happens to have avail- 
AUS paai s. This particular circuit saves a number of able a TSI and a 2NI85 these may be 
lected!” by the diode action of the base: components 3 by using simplified used instead of the 2N279 and 2N281 
ju e x s thermal stabilisation circuit, With. this. respectively with one minor alteration. 
The signal currents, which are "de- circuit the audio output will drop if the This involves replacing the 82K resis 
tected” in the emitter-base circuit, also transistors are subjected to a high am- tor in our circuit with a 68K resistor, 
exercises an effect upon the current flow- bient — temperature. 
ing between emitter and collector. Here However, this fall in 
amplification is evident, small signal output js brought 
current changes in the emitter-base cir- about by a reduc- 
cuit causing much larger current changes tion of current flow | centre us TAG B 
in the emitter-collector circuit. in the output trans- | Or RESEN OF JACK 


This means that if we were to place istor circuit and the | CONTROL vage cs ife ON/OFF 
a suitable headphone circuit in the return §¥stem hus. “fails VÍA 2.2K RESISTOR 
from the collector we would be able to Safe." causing | no 
listen to the program of the station to itore 
which the tuned circuit is it spes ue For 
signals are amplified as well as detecte r the d 
the output would exceed that obtained transistor in owr Pe. 
from a normal crystal set. seve E ONAA 
This arrangement, while practical, transistor. This 
leaves something to be desired in terms transistor may be | CO "OCKET 
dem of gain ed Seoul used in bination X EARTH TO CHASSIS 
ere is a simple solution. The detector with either an 
transistor, being a high-frequency drift QC72, 2N281 or 
transistor, is capable of amplifying the 


the second 


Original RF sigla quite efficiently, an 
these appear also at the collector. This TUNING 
amplified RF may be used in a re- Above: | Nm CAPACITOR Lot 
generation circuit to increase the selec- gag ost of fed 
tivity and sensitivity of the detector cir- how mont ae uH. 2 POT 
cuit by a large degree. a EI Lon NWG. & TUNING 
To achieve regeneration it is neces- tagstrips. Compare CAPACITOR 
sary to couple the amplified RF back this with the photo REGEN s BASE 
into the tuned circuit in the correct un tomer ds SECONDARY 3 EARTH 
phase so that it will assist e original sewer 4 AERIAL 
signal. In our circuit we achieve this jaht: il dnd: J EARTH. 
feedback through a winding coupled Riaht;, Coll, winds DIA. FORMERS 
closely to the original tuned circuit, „umber of turns vere 
This winding forms part of the collector gnd method of 
circuit of the detector transistor. winding for each PRIMARY] put TAPS [REGENERATION 
A potentiometer is used in the feed- band. These data = pu BM z 
back circuit to give the correct amount may be modified s: ds : 
of regeneration. If too much feedback ^ slightly, on an ex- t E 
is used the circuit will become unstable perimental basis, 


8C COIL WOUND WITH OS ee WIRE 


and it is necessary to set this control for best results in MC Ca MAWE. NOTE THAT BAND 4 COIL HAS. 


iy carefully itor tbe best cenine The Aueh cases ‘AN ADDITIONAL WINDING. ALL COILS ARE CLOSEWOUND 
IN THE SAME DIRECTION WITH WINDINGS SPACED 1/8 


setting will vary for different sections of 
the tuning range and from band to band. 
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cathode 


illustration (D 


Rate 


substrate 


iMustration (iD. 


MASTER 
ELECTRONIC 
FUNDAMENTALS 


in all three phases . . . 


THEORY: Electronic theory is gained through articles described in our magazine “Transistor 
its” (20 cents), devoted entirely to transistor circuit theory, repairs, ideas and projects. Radios, 
switches, amplifiers, relays, logic circuits and power supplies are all featuredi Also available, for 
your help, are programmed courses in three separate volumes on 1, 2 and 9 transistor modules 
($2.00 each), These contain full explanations and practical descriptions of ;circuit theory and 
practical construction, And for wider knowledge, two authoritative books from RCA's "Home 
Study Course"— Basic Electronics ($15.00) and Fundamentals of Transistors ($11.30). 
PRACTICE; This is obtained from our monthly magazine “Transistor Kits” (20 cents) which 
contains projects ranging from the most elementary to advanced stages. 
MATHEMATICS: Easily mastered with the aid of our “Electronic Maths Course Based on the 
Slide Rule,” freeing you from time consuming calculations and enabling quicker project assembly. 
KEEP UP-TO-THE-MINUTE IN ELECTRONICS: From the magazine you learn about new 
transistors and how to use them as soon as they are released. Take the insulated gate transistor, 
also called “MOSFET,” “IG FET” and "MOST"— this device not only has an input impedance 
much higher than most valves, but is also voltage controlled, has high current gain and very 
small size. You can buy one now for only $3.50 and in two years’ time they are expected to be 
as common as the PNP transistor and perhaps even as cheap. Learn about them now, study 
how to use them in high impedance pre-amplifiers and electronic voltmeters, compare them with 
valve circuits, see the similarity between illustrations (i) and (ii) and why this type of transistor 
behaves so like a valve. Learn practical handling too . 
@ Earth your soldering iron and choose a constant heat type. 
Avoid touching the gate with fingers or ungrounded tools, 
© Keep all four leads shorted with the substrate by wrapping with fine wire until soldered into 
place — then remove wire. 
FREE OFFER: Receive absolutely free “Transistor Kits Pocket Electronics Data Guide"— a 
helpful pocket size electronics encyclopaedia with every returned coupon (below). 
FREE OFFER: Receive absolutely free “Transistor Kits Pocket Electronics Data Guide” — a 
helpful pocket size electronics encyclopaedia, with every order. 
PLEASE WRITE: 
TRANSISTOR KITS (Educational Division), 69a Church Street, Brighton, Victoria. Tel, 92 3158 
for the FREE pocket "Electronics Data Guide" which includes @ Schematic Symbols e Colour 
Code e Quantity and Unit Abbreviations € Ohms’ Laws e Kirchhoffs Laws e Transistor 
Formulas and , . . “Transistor Kits" magazine (20 cents each), "Basic Electronics” RCA Insti- 
tute's Autotext ($11.00), "Fundamentals of Transistors" RCA Service Company ($15.00); also 
Details of the "Electronic Maths Course," based on the slide rule. 
The following manuals at $2.00 each. Price includes FREE printed circuit board. 
@ One transistor modules. € Two transistor modules. e Three transistor modules, @ Personal 
6 transistor superhet; OR @ All four manuals for $7.75. And send Cheque/Money Order for 
the publications you would like. 


————— — — —— CLEP our COUPON ——-—-—-——————— 


"Transistor Kits (Educational Division), 
69A Church Street, Brighton, Victoria, PHONE 92-3158. 
Please send me FREE the pocket “Electronics Data Guide” and . . . 


O "Transistor Kits" magazine (20c each.) 

O "Basic Electronics" RCA Institute's 
Autotext ($11.00) 

O “Fundamentals of Transistors” RCA 
Service Company ($15.00) also 

O Details of the “Electronics Maths 
Course, based on the slide rule, 


NAME.. 


The following manuals at $2.00 each. Price 
includes FREE printed circuit board. 

O One transistor modules 

O Two transistor modules 

O Three transistor modules 

O Personal 6 transistor superhet OR 

O All four manuals for $7.75. 
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The output transistor is run in class- 
A, which means that there is a steady 
drain on the battery, In larger tran- 
sistor radios, use is made of push-pull 
¢lass-B stages which only draw heavy 
current during audio peaks, resting the 
battery in between. The total current 
drain of this receiver is approximately 
16.5mA with a 9-volt battery, This is 
mot an excessive figure but, as is usual, 
best economy will be obtained by using 
larger rather than smaller batteries. 

The relatively low output impedance 
of the class-A power amplifier is ideally 
suited to low-impedance head phones, of 
DC resistance of about 200 ohms, and 
‘our prototype has the headphone jack 
artanged to suit, However, for those 
readers who prefer to use high- 
de nce phones or a very low im- 

lance magnetic plug-in earphone, con- 
version details of the output circuit are 
given. 

To obtain reasonable results with 
high impedance, about 2,000 ohms, 
headphones it is necessary to use a 
step-up transformer of approximately 
$1. A suitable transformer is a transi: 
lor driver stage transformer used 
reverse. 

Very low impedance magnetic ear- 
phones, such as those used with port- 
Able transistor receivers, require a dif- 
ferent approach again .The jack in this 
should be wired into the secondary 
uit of the output transformer. thus 
achieving a reusonable impedance match 


1 


in 


between the output collector and the 
low-impedance earpiece, 
Coming now to the physical side, 


the receiver panel and chassis were de- 
signed to allow the unit either to be 
screwed on a plywood base or fitted 
into a wooden box. The box would 
require a lift-up lid for coil changing, 
unle: 


i- 
of the 


the tuning 


receiver. 


PRE-WIRED TAGSTRIPS 


To simplify construction the receiver 
has been divided into three major s: 
tions. Two of these are tagstrips which 
are pre-wired before mounting on the 
chassis. The third section is composed 
of front panel and chassis, together 
with the larger components. 

The first tagstrip is pre-wired with all 
the detector stage components and, after 
it is fastened to the chassis, requires only 
four wires for connection to other sec- 
tions of the receiver. The second ti 
strip with most of the audio component: 
similarly has only four wires to connect 
to components mounted on the chassis. 

By pre-wiring these tagstrips to the 
drawings supplied, the construction of 
the receiver becomes simple enough for 
the youngest and most inexperienced of 
our readers, 

Bending the chassis should present 
little worry and may be tackled by using 
two pieces of angle iron in a vyce, tap- 
ping the section to be bent with a block 
of wood and a hammer. Sometimes the 
bend can be made easier by scoring the 
aluminium on the side which will be- 
come the inside of the bend. 

After manufacturing the panel and 
chassis, the larger components should 
be mounted, ensuring that the dial and 
luning capacitor are In exact alignment 
Before mounting the tuning capacitor 
solder a lead of wire to the fixed plates 
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This underchassis view 
diagram on page 39. 
and 


id pass it through a hole in the chassis 


ready for wiring, 

The smaller components may now be 
wired to the two tagstrips, carefully fol- 
lowing the wiring diagram supplied. The 
audio tagstrip is then mounted on the 
etc., 


chassis with the OC70, 2N279, 
pointing towards the centre of the chi 

The detector tagstrip is mounted with 
the IK resistor closest to the front panel, 

Commence the wiring by connecting 
the output leads of the speaker trans- 
former to the speaker. Next the wire 
from the tuning capacitor fixed plates 


should be studied 
Note the coil socket orientation and that pins 1 
6 are the two larger ones. 


in conjunction with the wiring 


should be soldered to pin 6 of the coil 
socket. Pins 1 and 2 of the coil socket 
can now be wired to opposite ends of 
the regeneration control and pin 1 con- 
nected to pin 3 via a .0022uF ceramic 
capacitor. If the regeneration control is 
required to increase regeneration with 
clockwise rotation, the accepted standard, 
then pin 1 of the coil socket should be 
connected to the left hand lug (rear view) 
of the control and pin 2 to the right 
hand lug. 

Pin 3 of the coil socket is connected 
to a solder lug underneath the socket 


LEARN THE EASY WAY 


with printed circuit kits from 


R.C.S. 


The best and fastest way to learn about radio is with R.C.S. do-it- 


yourself kits, ac 
istor personal portable or amplifier 


You'll enjoy the achievement of building yourself a trans- 


and you'll be learning at the same 


time. Complete kits of parts and easy-to-follow instructions ensure that 


you just can't go wrong! 


Call personally or use our special mail order service. 
advice, just ask the experts at R.C.S., they'll be pleased to help. 


any 


And if you need 


For full details of kits available write for blueprint data sheets and see 
our advertisement each month in "Electronics" for the latest releases. 


PERSONAL 
TRANSISTOR 
1 transistor, 1 
diode. — Do-it- 
yourself kit No. 
582, $5. Poste 
age 10c. 


2 TRANSISTOR 


and earth. Ears 
Biete “only, 
Speaker,” Bo-tt- 
Yourself Kit No. 
Beec, "$9.00. 
Postage doc. 


Send cheque, or money order to: 


R.C.S. RADIO PTY. LTD. 


651 FOREST ROAD, BEXLEY, N.S.W. 58-3491, 58-5385. 
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RADIO SUPPLIERS 


PHONE: 86-6465 


5A MELVILLE STREET, HAWTHORN, VICTORIA. 


BULK DISPOSAL STORE, 8 PARK STREET, GLEN FERRIE, VIC. 81-1935. 


FERROCART POCKET 
MULTIMETER 
Model PT34. 


D 30 uA movement 
x » AC and DC voltages: 


[Hd 
® Current ranges (mA) 
Price 57/6. $5.75 


inc. tax 
Complete with leads. 


MULTIMETER MODEL 200H 


20,000 ohms per V. d.c. 10,000 ohms per V. 


current: 
25, 


0-60. 
0-6 


Resistance 
‘ohms: 


n range: 0-10, 50, 100, $00, 1,000, 
Battery used; UM3 1.35, I-piece, Dimensions: 
3À x 414 x Ihin, 


Complete with internal battery, testing-leads and 


prods. 
Price $11.25 inc. tax 


ici = 

SIGNAL V 

GENERATOR ae 
L - 


7 
120 Ke.-390 Mc. 


Freq. range (six bands): 120 Kc to 130 Mc on 
fundamentals: 120 to 390 Me, on harmonics, 
Mod. freq. 400 and 1,000 cps, Tubes: 12BH7, 
GARS, Rectifier: Half wave selenium. Pro- 
vision for crystal oscillator (xtal not supplied). 
1 to 1$ Mc. 100, 117 or 230v. A.C. input, 
50/60 c.ps. Size: 74 x 10% x 4¥in, Weight: 


ilb. 
Price £15/5/- ($30.50) 


inc. tax 


MULTIMETER 
» Model CT-630 
| 30,000 


ohm/volt 


15,000 — ohm/volt 
AC 


DC Volts: 03, 
0-60, 0-300, 
0-1200. 
AC Vol 
0-120, 
0-1200. 
DC Avaperes; 0-0.03, 0-3, 0-30, 0-300mA, 
Ohms; 0-16K, 0-160K, 0-1.6M, 0-16M. (10, 100, 
10K, 100K at centre scale) 
Decibels: Minus 20 to plus 4édB. 
Dimension: 90 x 132 x 36mm, 
Net weight; 380g. 


Price: £9/5/- ($18.50) 


0-15, 
0-600, 


0-6, 
0-600, 


0-30, 


SINCLAIR Z-12 INTEGRATED 
HIGH FIDELITY 
PRE-AMPLIFIER AND 
12 WATT AMPLIFIER 
PRICE £9/15/ ($19.50) 


c. tax 
POWER SUPPLY for Z-1 
15. volts at 1 amp, 


PRICE £7/17/6 ($15.75) 


inc. tax 


6, 9, 12, 


SPECIFICATIONS: 
No. of tors: 
Overall size: Jin. x iðin, x L3in. 
Weight: 3oz. 
Output power into 3 ohm load: 
watts RMS continuous with 12-volt supply. 
B watts RMS continuous with 15-volt supply. 
13 watts RMS continuous with 18-volt supply. 
Output power into 1.5 ohm load: 
10 watts RMS continuous with 12-volt supply. 
16 watts music power with 15V, supply, 
Power response: L.$dB below IKC at 20KC 


and 65 cps. 
Frequency response: 1$ c/s to SOKC plus or 
minus IdB. 

Input sensitivity: 2mV into 2Kohm. 

Quiescent consumption: 12-volt supply—15mA. 


Signal to noise ratio: Better than 60mA. 
Total distortion: Less than one per cent. 


SWR METERS Model KSW-10 


SPECIFICATIONS: 

Standing Wave Ratio: 1:1 to 1:10, 
Accuracies: Plus or minus 396 scale length, 
Impedance: 52 ohms and 7$ ohms, 

Meter: 0-100 DC  microamperes. 


PRICE £9/10/- $19 i 


ic. Tax. 


3 WATT 4 TRANSISTOR 
AMPLIFIER. 


Circuit: 4 Transistor Push Pull. Output Power 
2 Watt, 10 p.c. U.D, 3 Watts Maximum, Gain: 
10 mv for 2 ‘watt output at 1 Kc, “Output 
Impedance: 8 ohms and 16 ohms. Frequency 
Response: 150—10,000 c/s. Current Consump- 
tion: 12 mA at no Signal 500 mA for maxi- 
mum power. 

Dimensions: 3in x 2in x Sin, 


PRICE $9.75 :£4.17.6d.) 


inc, tax 


WANTED TO BUY 


COMMUNICATION RECEIVERS. TRANS- 

MITTERS, TEST EQUIPMENT, AMPLIFIERS, 

TRANSISTOR RADIOS, TAPE RECORDERS, 
SPEAKERS, TRANSFORMERS, ETC, 


STEREO AMPLIFIER 
10 WATTS 
Manufactured to give stereo amplification over 
a wide frequency range, the Stereo Amplifier 
uses the new 6GWB Audio Tubes to attain Its 
fine performance. it has stereo inputs and 
‘outputs to sult most requirements, We cnn 
Also supply any auxiliary equipment that may 
be required, 
SPECIFICATIONS 

MAX. OUTPUT POWER: 10 Watts, $ Watts 

er channel. 
FREQUENCY RESPONSE; 50 to 15,000 c.p.s, 

plus minus 1 db, 

HARMONIC. DISTORTION: 
Cent at normal level 
CROSSTALK AT 1 KC: Better than 40 db. 
HUM AND NOISE: 40 db. below rated output. 

INPUT (FOR FULL OUTPU 
Phono CER.: 0.22V., 100,000 Ohm. 
Phono xal; 0.24 V., $0,000 Ohm. 
Aux; 0.15V., 150,000 Ohm. 

OUTPUT IMPEDANCE: 4, 8 and 


(Each channel, 
Price: £19/- 


EL ET aCe 
+ Phono Stereo. 
($38.00) 
inc. tax 


Less than 2 per 


16 Ohm, 


2, Aux, Stereo, 
3; Phono—Mono, 
4. Aux, Mono. 


VOLUME CONTROL: 
Channel 1 with Power Switch 
and Channel 2, 


TONE CONTROL: 
More than 14 db, at 10,000 c.p.s, 
More than 11 db. at 100 c.p.s. 
VACUUM TUBE: 2-6GW8, 1-6CA4. 


POWER SUPPLY: 240V, 50 c/s, A.C. 


OVERALL DIMENSIONS: ilin x 6¥4in x 
‘avin, 


DC volt: 0-0.3 1 10 50 250 500 1,000 5,000V 
(20,000 ohms/V) 
AC volt: 0-10 50 250 1,000V (8,000 ohms/V) 


DC Current; 0-0.03 1 50 500mA 10A 

Resistance: 0-5K 500K SM SOM 

Capacitance: 250 pF-0.02 uF 

Inductance: 0-5,000 henries 

Decibels: minus 20 to plus 22 plus 20 to plus 
36dB (Reference: O dB equals 0.755 volt 
equals ImW in 600 ohms), 

Load Current: 0-0.06 0.6 60mA 

Dimensions: 5.91 x 4.17 x 1.97 inch, 

Weight: 650 gramms 

Batteries: UM-3 1.5v x 2 BL-015 22.5v x 1. 


Price: £9/17/6 ($19.75) 


TRANSISTOR SIGNAL 
INJECTOR—$5.25 


inc. tax 
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screw. A wire is extended out 

o a & hole at the back of the chassis 
pin 3 and 4 of the socket being 
earth and aerial connections res- 
lively. The remaining pin 5 is con- 
to lug 9 of the detector tagstrip. 

Pin 2 of the detector tagstrij 

pin 3 of the audio tagstrip to supply 
Mery voltage to the detector 
4 of the detector tagstrip is joined 
ihe left hand lug, rear view, of the 
lume control while lug 5 of the detec- 
for tagstrip is joined to the centre lug 
of the regeneration control. This com- 
pletes the wiring of the detector circuit. 

A two terminal tagstrip is mounted by 
the screw holding battery re! ing 
clip close to the volume control. A 2.: 2K 
- fesistor joins the insulated lug of the tag- 
strip to the centre lug of the volume 
control. The remaining lug on the volume 
control is wired to one side of the re- 
cw ion control. This must be the side 

it is wired to pin 1 of the coil socket 

From the vacant end of the 2.2K 
resistor a connection is made to lug 9 
of the audio tagstrip. Lug 3 of the 
audio tagstrip s to one side of the 
‘on/off switch, the other side of which is 
connected to the negative lead from 
the 9-volt battery. 

The wiring of the output transistor 
collector circuit will depend on the 
"type of earphones to be used. The 
Various configurations are shown on the 
main circuit diagram and are relatively 
"simple to follow. The positive lead from 


primary, secondary to suit loud- 
speaker). 
Tuning capacitor, 10-415pF. 
Dial with vernier drive. 
6-pin socket. 
[^ volt. t battery, 276P or simi 
e battery. 


ay 
type on/off switch, 


10K carbon potentiometers, 
10-lug tagstrips, both end lugs 
with mounting feet. 


2-lug tagstri; 


ita in coil formers, 
14 diam 

SEMI-CONDUCTORS 
2N372 transistor, or equivalent. 


the battery is connected to the chassis 
completing the wiring of the receiver. 

Take care that the polarity of the 
battery is not reversed, otherwise the 
transistors will be destroyed. 

While any orientation of the coil 
socket will work, for best layout of the 
wiring it is suggested that pins 1 and 6 
should face the end of the chassis. The 
data for winding all the coils is given in 
the accompanying diagram. Note that 
the coil for band 4 has an additional 
winding. This winding is necessary to 
couple the aerial efficiently on this range 
as it would be difficult to tap the tuned 
winding with its small number of turns 
as we have done on the other coils. 

It will be noticed in the first three 
coils that there are more taps than can 
be used. One of these taps is for the 
aerial and another for ue bey 
base connection. When firs baie t 
coils, connections to these ap ould 
be varied for best results and this 
combination permanently wired to 
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the. coil pins specified. In general we 

found that the first tap appears best for 

the aerial and the third or fourth tap 

for the base. 

In general, moving either tbe aerial 
base connection away from the 


ART CUSHEN WRITES FOR 
"ELECTRONICS Australia" 


World famous short-wave corres- 
pondent Art Cushen writes exclusively 
for "ELECTRONICS Australia." Mr 
Cushen's contribution appears month- 
ly, under the title "Listening Around 
the World." In addition, a complete 
list of MW and SW broadcast 
stations and television stations operat- 
ing in Australia and New Zealand 
appears each January. 


or 


earthed end of the coil will increase the 
strength of the signals, but impair the 
selectivity. The best compromise has to 
be struck for each individual location 
and for each aerial installation. 

When the receiver is fully wired and 
re-checked for kes plug in the 
broadcast coil and switch on. With the 
volume control advanced and the re- 
generation control turned off, try tuning 
for a local station. If you live ín a city 
area it is quite likely that several will 
be heard and possibly interfering with 
each other. Advancing the regeneration 
control will increase the volume of the 


CAPACITORS 
.0015uF, ceramic, low volta 
.0022uF, ceramic, low voltage. 
luF, ceramic, low voltage. 
ZuF 12VW electrolytic. 

SOuF 12VW electrolytics. 
100uF 12VW electrolytic, 
MISCELLANEOUS 


Metal for chassis id panel, plywood, 


sci 
-cored solder, expanded alumin- 


receiver and will also increase the 
selectivity to allow the separation of the 
stations. The volume can be adjusted 
separately by means of the volume 
control potentiometer. 

As the regeneration control is advanc- 
ed a stage will be reached where there is 
a distinct whistle as you tune over a 
station, This indicates that too much 
regeneration is being used and the 
control should be turned back slightly. 
A little practice will soon accustom the 
beginner to the tricks of regeneration. 
At this stage various combinations of 
the coil taps may be tried to achieve 
the best results. 

The other coils may now be tried and 
their taps also adjusted, Remember this 
is a small receiver and does require an 
efficient aerial and earth system. The 
earth may be run from a nearby water 
e tap or a reasonably large piece of metal 
buried in the ground. An aerial wire of 
at least 30 feet in length well elevated 
is desirable. E 


COIL DETAILS 
(Continued from page 113). 

The presence of the trimmers across 
the coils will restrict the tuning range 
slightly and alter the coverage, so we 
have shown the coverage to be expected 
both with and without trimmers. 
Naturally there is no point in using 
trimmers where only a single stage is 
employed. 

The coil former shown in the diagram 
is fitted with six pins which are designed 
to suit a standard six pin valve socket. 
This allows the required band to be 
selected by simply plugging in the ap- 
propriate coils, It is not particularly im- 
portant what arrangement of pins is 
used for the various connections, pro- 
viding they are the same for all the 
coils and the sockets are wired to cor- 
respond. 

Where it is desired to provide one 
band only, such as the broadcast band, 
there is no need to use the plug-in 
type of formers and less expensive types, 
intended to be permanently mounted, 
may be used, 

For reception much above 30Mc 
simple receivers are not very efficient 
and a somewhat different approach is 
required. The coil data also becomes 
more critical and dependent on the cir- 
cuit wiring and layout. 5 


“INNERBOND” (Regd.) 


BONDED 
ACETATE 
FIBRES 


For packing in 


SPEAKER ENCLOSURES 


ient Bonded Wadding made from 
Cellulose Acetate Fibres that gives 
high efficiency for Sound Absorption, 
"INNERBOND'" 
easy fo [s 


BO) 
nominal thickness of |" 
is recommended as a packing in 
Speaks Enclonuren Yor" Sound) Absorption, 


STOCKISTS 
SYONEY—Arrow Electronics Pty, Ltd, 
Kent St.; Broadway Electronics Ply. 
Broadway and City Rd. 
MELBOURNE—J. H. Magrath and Co. 
, 208 Little Lonsdale St. 
Harrold 


an 
Ltd, 


Piy, Ltd. 


s, 57 Woodville 
I" Accesories, B) 


PERTH—General Accesories, 46 Milligan St. 
It unobtainable 


For 1 sq. yd. as above send $2.00 
For 2 sq. yds. as above send $3.75 
For 4 sq. yds. as above send $6.50 
Postage paid in Australia and Territories. 
fo the manufacturers 
WONDER WOOL 
PTY. LIMITED. 


87 James Street, Leichhardt, N.S.W. 
SYDNEY. 
Phone: 56-2780. 


CHAPTER 23: 


Magnetic recording. Historical. 


Poulsen's early wire recorders, Stille's wire and tape 


recorders. Wartime developments, 


ciples of operation. 


Magnetic characteristics. Distortion and need for bias, DC bias. AC 
bias, Erasure, Wire and tape compared. Modern equipment. 


ONE of the spectacular advances in 
electronics following the last war 
was the development of the tape re- 
corder; a development which found ready 
acceptance by radio stations, artists, 
dramatic schools and clubs, and a host 
of others who had a special need for a 
simple sound recording system. 

Their reaction was understandable. 
Most previous recording systems had 
called for extremely complex equip- 
ment, considerable skill to operate it, 
and expensive and lengthy after pro- 
cesses before the results could be heard. 
The acetate disc was a step in the right 
direction, but was still relatively expen- 
sive and inflexible, 

The tape recorder, on the other hand, 
seemed to overcome all these problems 
in one sweep. It was relatively inex- 
pensive to buy, simple to operate, re- 
quired no processing and, above all, per- 
mitted erasure of mistakes and re-record- 
ing to correct them. This latter fea- 
ture not only avoided waste of record- 
ing material, but also the precious time 
and effort put into what had already 
been recorded. 

The development of the transistor 


and its application to the tape recorder | 


permitted the latter to be developed to 
the point where it is compact enough, 
and priced low enough, to appeal di 
ectly to the individu: 
any special requirem 
make personal recordings appeals jn 
much the same way as does the ability 
to make personal pictures with a 
camera. In fact, personal recorders 
currently enjoying a popularity 
proaching that of the camera, 

Where did it all start? 

If we endeavour to trace the definite 
beginning of magnetic recording we find 
that, although credit for building the 
first magnetic recorder belor to Val- 
demar Poulsen, there are indications that 
Others had thought of the idea before 
Poulsen. 

One of several references to magnetic 
sound recording may be found in "The 
Electrical World" of September, 1888. 
An article in this issue by Oberlin Smith. 
tells of his developing "a successful 
machine for spinning metallic dust into 
a cotton cord on which sound might 
then be recorded." Like so many other 
experimenters, however, Smith did not 
press on with his invention and it was 
left to Poulsen, in 1898, to produce the 
first actual working model for a mag- 
netic recording machine. 

Poulsen's early recorder consisted of 
a drum on which was wound steel wire 
a few millimetres thick, As the wire 
unwound from the drum it passed in 
contact with a magnetic “head” com- 


ap- 


120 


prising two soft iron laminations in a 
coil, Magnetic impulses were transfer- 
red to the wire by the head laminations 
pressing against opposite sides of the 
wire, 

The head was arranged to move 
along a path parallel with the drum, 
and the wire, being wound in spiral 
form on the drum, was used to propel 
the head. 

There being no electronic means of 
amplification available at the time, the 
coil of the magnetic head was connected 
to a carbon microphone and a battery 
during recording and to a set of head- 
phones for the playback. From the 


mechanical point of view the "Telegra- 


A 1930 magnetic recoraer using steel 

tape. Developed by Dr Karl Stille it 

is similar to those used by the B.B.C. 

A modern tape recorder is shown for 
‘comparison. 


phone,” as Poulsen called his invention, 
was similar to Edison’s phonograph, 
though it operated on much more ad- 
vanced principles of recording and re- 
Production, 

Although Poulsen's invention enjoyed 
some popularity at the turn of the cen- 
tury, it never made any inroads into 
the domestic market because it required 
headphones for listening, whereas the 
gramophone, although of inferior sound 
quality, was a "loudspeaking" device. 
The gramophone ‘was also a much 
cheaper device to produce and this has 
always been an influencing factor on the 
domestic market. 

In addition, gramophone records, at 
least in disc form, were ideally suited to 
mass duplication by pressing, thus fur- 
ther reducing costs. Even today, this 


factor remains a major one in favour - 


of the gramophone record as a medium 
for mass program distribution, 
Poulsen's company eventually went 
bankrupt and magnetic recording was 
forgotten until 1919, when the recently 
invented valve led to a revival of in- 
terest. At this time Dr Karl Stille tried 


to adapt the "talking wire," as he called 
it, into a sound carrier for motion pi 
tures. Experience showed, however, 
that photographic film recording was not 
only better in quality but also easier to 
use for the purpose; and the “talking 
wire" once more, passed into obscurity, 
at least as far as a popular or domestic 
market was concerned, 

Magnetic recording continued to be 
developed by some companies, and was 
used extensively by the B.B. using 
steel tape as the recording medium. At 
the outbreak of World War II it was 
pressed into service by the armed forces 
as a means of recording high speed code 
transmissions for later replay at a slower 
speed. 

During this period some very com- 
pact wire recorders were developed and 
used by the Allies. The Germans, in 
their turn, had developed a recorder 
‘using a plastic based, metallic oxide 
coated tape, very ilar to that used 
in present day machines, Magnetic re- 
cording really “arrived” after the war 
and the art continued to develop to the 
high standards achieved today. 

In order to understand just how mag- 
netic recording works we will need to 
enlarge on some of the basic fundamen- 
tals of magnetism covered in Chapter 
Three of our course. 

In this chapter we found that certain 
materials, namely iron and similar alloys 
and- compounds, have the ability to con- 
centrate magnetism within themselve 
These ferrous materials are termed “fer- 
romagnetic” and they are said to have 
high "permeability," permeability being 
the ratio of magnetic flux density pro- 
duced in a material to the magnetic flux 
density that would be produced in air 
by the same magnetising force. 

If we take a sample of unmagnetised 
iron and subject it to a magnetising 
force, we will find that the amount of 
magnetism induced in the iron will rise 
slowly at first, then more rapidly, and 
then again slowly until the iron will 


A commercial wire recorder marketed 
about 1948. Wire recorders were not 
developed much this. stage. 
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bsorb no more magnetism, this latter 
tate being known as the SATUR- 
ATION point of the material. This pro- 
cess is shown graphically in figure 1. 

Here we start at point “A”, which 
represents -zero magnetising force and 
zero induced magnetism, and apply a 
steadily increasing magnetising force 
along the “H” (Magnetising Force) axis, 
lo the right of point "A." As we do, 
the induced magnetism which results is 
plotted along the "B" (Induced Mag- 
netism) axis, giving rise to, the curve 
MAT CD'S E 

From this graph we can see that only 
the middle section of our curve shows 
à reasonably linear relationship between 
magnetising force and induced magnet- 
ism, the sections from A to C and D 
io E being distinctly non-linear. 

When the magnetising force is re- 
moved from the iron the induced mag- 
netism in the material does not disappear 
entirely but, following a path other than 
that of its original magnetisation curve, 
it falls to a value which is a proportion 
of the original value. This is shown by 
the curve E to E', and the magnetism 
remaining in the iron is known as its 
"remanent" magnetism, 

If we consider any value of induced 
magnetism along the curve A to E we 
will find that it will fall to a remanent 
value along a path which may be re- 
garded as "parallel" to E-E' Thus 
induced values C X D and E will pro- 
duce remanent values C' X' D' and E' 
along the B axis, It is important to note 
that remanent values resulting from any 
induced values between C and D will 
be linearly spaced along the B axis, 
while those resulting from values from 
A to C and D to E will be non-linearly 
spaced. 

The curve shown as A to E might 
typically be that created in our piece of 
iron by the "north" pole of a bar 
magnet or by current through a coil in a 
specific direction, If we had used the 
"south" pole, or caused the current to 
flow in the opposite direction, we would 
have created the curve A-J in the 
bottom left of the drawing. Note that 
the two curves, although of opposite 
polarity, are mirror images and both 
show ihe same degree of non-linearity 
at the beginning and end of their trace. 
But note that the iron would only 
have followed the curve A-J had it been 
initially in the unmagnetised state, If 
we had simply applied our reverse mag- 
netising force after first taking the iron 
up to E and then down to E', the curve 
followed would have been as shown by 
the dashed line. The induced magnetism 
would have gone directly from E' to 
J, as shown, and on removal of the 
reverse magnetising force it would have 
dropped to J’. 

If we again applied a magnetising 
force, this time in the initial direction, 
the induced magnetism would pass from 
T to E, and so on. Unless we de- 
magnetise the iron, it will not return to 
the zero point but simply swing 
around the "loop" EE'JT', shown dash- 
ed. Such a loop is called a HYSTERE- 
SIS LOOP, and it will have a shape 
depending upon the type of magnetic 
material concerned. 

In the first and simplest form of mag- 
metic recorder produced by Poulsen, the 
recording head was fed with an AC 
signal at audio frequencies, This is 
shown in figure 2, where the head signal 
js shown as "Input Waveform" and can 
be visualised as swinging the magnetising 
force alternately left and right along 


BASIC RADIO COURSE 


the H axis, From this we can plot 
points of induced magnetism along the 
B-H curve, from these plotting 
remanence points along the B axis 
resulting from them, and, finally, extend 
these points to the right and use them 
to create a graph of the waveform 
which has been recorded, 

As can be seen, this is badly dis- 
torted. The distortion comes from two 
sources, the non-linearity represented by 
G-A-C, which is called "crossover" dis- 


INDUCED — f 
MAGNETIC FLUX 
DENSITY 


Figure 1: The curve of induced flux 
(B) plotted against applied magnetic 
force (H) for a magnetic material, 
showing initial and repeated magne 
sation. (The BH curve). 


tortion, and that represented by D-E 
and F-J, which is called overload dis- 
tortion, or saturation, 


Overload distortion may be avoided by 
restricting the level of signal recorded, 
and this precaution must still be 
observed in modern recording systems; 
but there is no such simple solution for 
the crossover distortion problem, and 
this is the rea] limitation of such simple 
recording systems, 

In an effort to overcome this distor- 
tion Poulsen introduced a simple form 


RECORDED. 
WAVEFORM 


Cete INPUT 


WAVEFORM 


Figure 2: What happens if one at- 

tempts to record an audio signal with- 

out any form of bios. The non- 

linearity of the B-H curve causes dis- 

tortion at both the zero-crossings and 
peaks of the signal. 


of biasing, known as “DC biasing," He 
achieved this by applying a voltage of 
fixed polarity to the recording head so 
that, without an input signal a mag- 
netising force approximately midway 
between points C and D was applied to 


the wire (figure 3). When an input 
waveform was applied along with the 
bias voltage it would cause the mag- 
netising force, and therefore the induced 
magnetism, to swing from the centre 
point of the curve up toward D or down 
to C, depending on the polarity and 
amplitude of the signal. Subsequently 
the remanent magnetism would range 
between C' and D'. 

The important thing about the intro- 
duction of "bias" was the fact that it 
allowed magnetism to be induced in the 
wire over the substantially linear portion 
of the curve, The distortion introduced 
by the previous method was therefore 
reduced to a minimum, 

The use of DC bias in this fashion 
allows quite faithful recordings to be 
made, and many early tape and wire 
recorders used this system, | It is still 


used to the present day in battery- 
operated recorders of the cheaper 
variety. 


The main disadvantage of DC biasing 
is that recordings made in this way are 
noisy; they have a very poor signal-to- 
noise ratio. The noise level is high be- 
cause the steady bias remanence recorded 
on the tape along with the signal tends 
(for complex reasons) to accentuate noise 
due to the unevenness and granularity of 


RECORDED 
WAVEFORM 
(NOTE STEADY 

REMANENCE, Br) 


SUPERIMPOSED 
UPON DC BIAS. 


Figure 3: The principle of DC bi 

The DC bias is arranged to give an 

“operating point" halfway along one 

of the linear sections of the B-H 

curve, giving distortionless (but noisy) 
recording. 


the magnetic coating of the tape. Also 
the signal level is lower than one would 
like, because DC biasing uses the linear 
section of only one side of the B-H 
curve; the other section is virtually 
wasted, 

The system of biasing which is used 
in all modern recorders (except the 
cheaper battery machines) produces re- 
cordings having a considerably better 
signal-to-noise ratio than DC biasing, by 
using as bias an AC signal of super- 
sonic frequency. Let us now see how 
this SUPERSONIC BIAS system works. 

Let us first consider no-signal condi- 
tions—the case where We have no audio 
recording signal, Under these conditions 
the recording head of a recorder using 
supersonic bias has applied to it a cur- 
rent alternating at a supersonic frequency 
—usually from 40 to 100KC, 

The effect of this current is to produce 
in the head gap and the tape passing 
over it a magnelic field reversing at the 
same extremely rapid rate. The amplitude 
of the bias current is arranged so that 
the peak value of the magnetic flux den- 
sity experienced by the tape immediately 
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over the gap is halfway up the linear 
section of its B-H curve, in each direc- 
tion, 

Tnis procedure results in the state of 
affairs suggested by figure 4. As the tape 
approaches the recording head gap, and 
enters the field, it is swung through a 
number of rapid flux alternations, pass- 
ing through a series of expanding hys- 
teresis loops (not shown) until it is swung 
through the loop MNOP directly over 
the gap, M and O are points halfway 
up the linear portion of the B-H curve 
of the tape oxide in each direction. 

When the tape moves away from the 
head gap, it is swung through a further 
series of alternations, but this time they 
are decreasing in amplitude. Thus, as 
figure 4 shows the tape passes through a 
series of decreasing hysteresis loops. It 
ends up at a point which is virtually at 
tne intersection of the B and H axes— 
ie. with zero remanence. 

In other words, the net effect of the 
high frequency bias signal itself is vir- 
tually zero. low let us consider what 
happens when we superimpose upon the 
bias signal our audio recording signal. 
Figure 5 should help in understanding 
this. 

At the bottom of the diagram is shown 
the audio signal superimposed upon the 
Supersonic bias signal, Above this is 
shown the pein loop corresponding 
to zero signal amplitude, marked A (solid 
line); the loop corresponding to the time 
BB’, when the audio is at maximum 
amplitude in one direction, marked B 
(dashed line); and the loop corresponding 
to the time CC’, when the audio is at 
maximum amplitude in the other direc- 
lion, marked C (dotted line). 

Note that the loops shown correspond 
lo the tape directly over the recording 
head gap. In each case there will be an 
expanding and contracting series of loops 
as the tape approaches and moves away 
from the gap. These have been omitted 
to preserve clarity, 

As may be seen the effect of the audio 
signal is to "wobble" the hysteresis loop 
of the bias either side of zero, and pro- 
viding the amplitude of the audio signal 
is kept below the level where the tips 
of the loops reach the saturation "knee" 
of the curve in either direction, this 
wobbling will be quite linear. The move- 
ment of the loop will follow faithfully 
the audio signal waveform, 

Because the movement of the loop is 
linear, the nett remanence produced by 
the loop will also be linear. Thus, al- 
though the AC bias alternations them- 
selves produce no recording, the tape 
is left with a recording of ‘the audio 
signal which is a faithful replica of the 
original. The recording represents the 
pt remanence of the linearly wobbled 
loop. 

The effect of supersonic AC bias is 
thus to make the effective B-H curve of 
the tape oxide material quite linear 
around the zero-remanence point, This is 
Suggested by the small diagram at the 
Fight of figure 5, which shows the actual 
B-H curve and the effective curve pro- 
duced by using supersonic bias, 

Before a recording is made, of course, 
the tape must be wiped clean or 
ERASED of any previous recording. This 
can be done by either passing the tape 
close to a permanent magnet or electro- 
magnet, or by passing it over the gap 
of a head similar to the recording head 
but fed purely with a supersonic alter- 
nating current. 
th the first of these methods, called 
or “permanent magnet” erasure, 
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the tape oxide is taken into saturation 
in one direction (i.e., past E or J); when 
it leaves the erasing field it simply drops 
back to either E' or J.’ This leaves it 
with a steady remanence only — al- 
though on replay the tape will sound 
very noisy for the same reasons which 
make DC biasing noisy, 

The second method is the one used 
in most modern recorders, and is the 
logical method of erasure where super- 
sonic biasing is used. Ag we saw from 
figure 4, a head fed solely with super- 
sonic AC simply forces the magnetic 
oxide through a series of expanding and 
then contracting hysteresis loops, leaving 
it finally at A with zero remanence (or 
close to it). A supersonic erase head 
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Figure 4: The effect of supersonic AC 
bia: As it passes the recording 
, the oxide is swept through 
first an increasing series and then a 
decreasing series of hysteresis loops. 


thus erases by taking the oxide through 
a series of loops until it saturates in both 
directions, and then back through 
another series of loops to zero. As with 
Supersonic bias, this gives a very low 
noise level, and supersonic erase gives a 
very "clean" tape for new recordings. 

Having thus explained the manner in 
Which a magnetic recording is induced 
in a wire or a metallic oxide coated 
plastic tape, we might now investigate 
some of the properties of the actual re- 
cording material, 

In the earliest recorders produced by 
Poulsen and others, the recording mater- 
ial was either a steel wire or tape of 
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Figure 5; Record- 
ing an audio sig- 
nal using super- 
sonic AC bias. The 
audio “w 
the supersonic 
hysteresis loop up 
and down the 
linear sections of 
the curve, giving 
faithful recording. 


approximately 1/16in thickness. In order 
to obtain a reasonable frequency res- 
ponse with the fairly wide head gaps 
then used, this wire was transported past 
the head at the relatively high speed of 
80 inches per second, 

Jt takes little imagination to see that 
this thick wire posed difficulties in 
mechanical handling and, even when 
large spools were used, yielded very short 
playing times, Recording wire was even- 
tually refined, however, to a thread of 
0.003in diameter, made from stainless 
steel and able to withstand a pull of 
approximately three pounds, 

In the later stages of development, 
recording wire was considered, in many 
respects, to be superior to oxide coated 
tapes of the type used today, The wire 
then developed would stretch less than 
tape, was relatively immune to the 
effects of extreme temperatures and | 
humidity, and was much more compact, 
for a given playing time, than any of 
the plastic tapes then produced, 

Tt has been said, in fact, that wire 
would be an almost perfect recording 
medium were it not for three inherent 
faults. First, since it is round, it tends 
to twist and therefore the parts in con- 
tact with the recording head may be 
twisted around when the wire is Played 
back, The result is a deterioration, often 
quite severe, in the quality of the repro- 
duced sound, 

Secondly, one recorded layer in in- 
timate contact with another causes mag 
netic “print through” and this leads to 
echoes and a much higher background 
noise level than that of tape. The third i 
fault is that wire cannot be as easily 
edited as tape, since good knot-tying in 
thin wire requires more dexterity than 
many people possess. 

The developrnent of metallic oxide 
coated paper and plastic tapes occurred 
at around the same period in the history 
of magnetic peearding, but the paper 
tapes soon fell from favour because of 
various inherent faults which they pos- 
sessed. 

The unwanted sound, or noise, that 
any coated tape produces is caused 
mainly by two factors (a) the lack of 
uniformity in the size and distribution 
of the tiny needle-shaped particles of 
ferric oxide in the coating, and (b) the 
roughness of the surface of the base 
material. 

Since even the finest grade of paper 
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and the technique of putting two 
("half") tracks or four ("quarter") tracks 
on the one tape have also contributed. 

As a result many hours of recording 
can now be packed onto quite small reels 
of tape. For example, a five-inch reel 
will hold 1,200 feet of double play tape 
which, if used with a half track head 
at 15/16ips, will provide four hours play- 
ing time in each direction, or a total of 
eight hours. And this is without con- 
sidering quarter track recording and/or 
triple play tape. 

Today, tape is the recording medium 
in a wide range of applications, It is 
used as the "master" for gramophone re- 
cords, for motion picture recording. for 
recording sound in broadcast studios, 
and sound and video in TV studios. 

Tape recording is also used in a wide 
range of other applications, from com- 
puters to office dictaphones, Portable 
tape recorders are used extensively as 
“talking note books” by students, by re- 
porters, by storemen for taking stock, 
by engineers checking large works, etc. 

Typical of these is the situation ill 
trated in the photograph, Here an en- 
vineer for the British Railways is shown 
using a miniature tape recorder—small 
encugh to hold in the hand—to record 
comments as he examin he overhead 
wiring on a new electrification scheme. 

Previously, this was a two-man job; 
the engineer, and a clerk to take down 
his comments. And, since such inspec- 
tions must normally be made during 
slack periods, they usually involved week- 
end work—at penalty rates. 

Also, wet weather and damp locations, 
such as tunnels, made note taking à 
difficult job, adding further to the time 
needed for a complete inspection. 

Now, with a portable tape recorder 
the engineer can do the whole job him- 
self, even in wet weather. For such ad- 
verse conditions, the recorder can be car- 
ried in the pocket and used with a remote 
control microphone. 

Our next chapter will have more to 
say about modern tape recorders. 


a noticeable “grain,” it would, when 
ted with a magnetic oxide, have 
lls” and "valleys" in its thickness anc 
jese irregularities will produce noise in 
ile of the fact that the outer surface 
the oxide coating may, to all intents 
nd purposes, appear to be perfectly 
jooth. 

Paper-backed tape was, to be sure, 
ite a deal cheaper than the plastic 
Tapes and it did have good dimensional 
“Stability but the disadvantage already 
mentioned plus the fact that it tore 
easily and deteriorated rapidly under ad- 
verse (very humid) storage conditions 
soon precipitated its downfall in favour 
of the plastic tapes used almost ex- 
clusively for magnetic recording today. 

When plastic tapes were first develop- 
ed, they were of two basic types—homo- 
genous and coated. The homogeneous 
tape, as the name implied, consisted of 
a plastic material with ferric oxide par- 
ticles dispersed evenly throughout the 
body of the material. 

is tape never really achieved any 
popularity because not enough oxide to 
permit good auality recording could be 
mixed with the plastic without exces- 
sively weakening the material. 

The first really successful tape was 
the “coated” variety, originally develop- 
ed in Germany by Fritz Pfleumer. This 
sisted of a cellulose acetate base 
ch a thin coating of ferrous oxide 
was glued, At a later stage, but still 
in the years prior to World War II, 
polyvinvl chloride (PVC) was used as 
a lane base, This material was extreme- 
lv pliant but had the disadvantage of 
stretching rather badly in use. 

When first developed the coated 
tapes ‘vere inferior in performance to 
the steel tapes then in use, though much 
cheaper. Even at the outbreak of World 
War II very little had been heard about 
them, and the Allies continued to de- 
veloo and use fine steel wire. 

It was only after the war, when 
the Allies overran Germany, that it was 
discovered that the German scientists 
had developed tape 
and tape recording 
to a very high stan- 
dard; a standard 
which put far 


it 
ahead of wire tech- 
niques of the day. 


Today the wire 
recorder has virtu- 
ally passed into his- 
tory, tape having 
proved superior in 
all important re- 
spects. Extended 
playing time in par- 
ticular, once a feat- 


ure in favour of 
wire, has been 
markedly improved 


in recent years. 


Thus, whereas 
some early tape 
machines ran at 
tape speeds as high 
as 30 inches per 
second, many mod- 
ern machines run as 
low as 15/16ips and 
still offer a quality 
of reproduction per- 
fectly adequate for 
many applications. 


the development of 


This pocket tape recorder, made by Fi-Cord of Switzer- 


thinner tapes, such land, is typical of the present state of the art. Because 
WemPfiouble "play" of the convenience they afford, these devices are find- 
and “triple play,” ing wide acceptance in industry, education and commerce. 
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CHAPTER 24 Modern tape recorders, their con- 


struction and operation. Drive systems. Single and three motor decks, 
Types of motor, Operating speeds. Magnetic heads. 
Two- and three-head recorders. Pressure pads and alternatives, 


Azimuth adjustment. 


Recording and replay equalisation. 


Recording level indicators, Bias and erase oscillators. 
Recording interlocks. Stereo recording and replay. 


| Ree the last chapter of this course we 

discussed the history of magnetic 
recording, the theory behind it and the 
structure of recording tape. Using 
this material and that of previous chap- 
ters as background we can now proceed 
to a more detailed discussion of the con. 
struction and operation of a modern 
tape recorder. 

Although to the casual observer a 
tape recorder may seem to be a single 
unit, it is most conveniently considered 
as having two distinct parts: The part 
concerned with physical or mechanical 
handling of the tape itself, called the 
“transport” or DECK, and the part con- 
cerned with processing the electrical sig- 
nals being recorded and played back — 
the "electronics." Let us first look at 
the construction and operation of the 
tape deck—the mechanics, 

, The principal function of the tape deck 
is to move the tape smoothly and 
steadily past the magnetic heads during 
recording, erasure and replay. Modern 
decks also allow rapid forward and re- 
Verse movement of the tape to permit 
the easy selection of a particular section 
of tape and to provide for rewinding 


the tape after recording or replay. 
It is possible to perform these func- 
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speed must be, 
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SIDE OF TAPE FACES 
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TAPE GUIDES PRESSURE PADS 
help maintain push tape tight 
uniform tope ‘against heads for 
tension post clean erasing, good 
heads frequency respons 


tions in an elementary fashion by simply 
connecting an electric motor or motors 
to the spindles used to support and pivot 
the spools of tape — energising the 
TAKE-UP spool spindle for forward 
motion of the tape, or the SUPPLY 
spool spindle for reverse motion. This 
system has in fact been used in the past 
and is still used in many of the very 
cheap types of battery-powered transis- 
torised recorder, 

However, this simple drive system has 
a serious disadvantage. The speed of the 
tape past the magnetic heads is not con- 
stant. Because the tape motion is 
simply due to the tape being wound on 
to the take-up spool, the steady rotation 
of the spool causes a progressive speed- 
ing up of the tape as the amount of 
tape wound on the spool increases. 

As a result, it becomes impossible to 
cut a recorded tape and transpose a sec- 
tion of the recording to another posi- 
tion in the sequence; doing so would 
mean that the transposed section would 
be replayed at a different speed to that 
at which it had been recorded, and the 
pitch of the sounds would either rise 
or drop, Even cutting out an undesired 
section of the recording would disturb 
the replay speed of the remaining sec- 
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Figure 1: The main parts of a single-motor tape deck, as used in many 
domestic recorders. The text explains its operation. 
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tions. Tape EDITING is rendered im- 
possible. 4 

But, quite apart from the problem of 
editing, there is a more serious prob- 
lem: Tape slippage and uneven wind- 
ing in the take-up spool cause the tape 
movement to be jerky and variable rather 
than smooth and steady. This causes 
unpleasant intermittent variations in the 
pitch of the record—the so-called WOW 
and FLUTTER, referred to in an earlier. 
chapter. 

Because of the severe limitations of 
the simple drive system, recorders in- 
tended for serious recording employ a 
more refined system known as CAP- 

N DRIVE. In this system the tape 
is drawn past the heads, not by tension 


A modern high-quality tape recorder, 
suitable for either domestic recording 
or commercia] dictation. 


from the take-up spool, but by being 
friction-driven by a smooth, constantly 
rotating spindle called the capstan. 

The diagram shown in figure 1 should 
help in visualising the essentials of cap- 
stan drive, The diagram represents a 
deck of the type used in many modern 
domestic machines, employing only one 
drive motor. 

By means of either a pulley and belt 
system, as shown, or a friction-drive. 
system employing a rubber intermediate 
wheel, the motor drives at constant 
speed a spindle carrying a heavy fly- 
wheel. The inertia of the flywheel is 
used to ensure that the spindle rotates 
extremely smoothly despite possible var- 
iations in either the speed of the motor 
or the loading imposed by the tape. 

"The top of the spindle forms the cap- 
stan. The tape is pressed against the 
capstan by a sprung rubber PINCH 
WHEEL, and thus the tape is driven at 
a constant, steady rate, The take-up 
spool is driven by a slipping clutch ar- 
rangement whereby it does not control 
tape speed but simply winds up the tape 
fed to it by the capstan. 

When rapid forward motion of the 
tape is required, in order to select a re- 
quired section of the tape, the usual 
Procedure is to move the pinch wheel 
away from the capstan and alter the 
takeup spool clutch so that it no longer 
slips. For reverse motion of the tape 
to REWIND, drive is transferred to 
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the supply spool, again with the pinch 
wheel moved away from the capstan 

While a single-motor drive system of 
the typo just described is capable of ex- 
cellent performance, it often necessi- 
tates a complex system of pulleys, 
levers, intermediate shafts and wheels 
in order to permit the single motor to 
perform all the required functions. Be- 
cause of this, some designers adopt an 
alternative course, using three separate 
motors. This often permits considerable 
simplification of the deck mechanism, 
and it also allows the use in each posi- 
tion of the type of motor best suited 
for the task. The disadvantage is that 
the use of three motors proves rather 
costly, 

The diagram of figure 2 shows the 
essentials of three-motor drive, One 
motor is used to drive the capstan, and 
the other two the spools. 

It should perhaps be mentioned here 
that there are other types of drive sys- 
tem besides those shown in figures ! 
and 2. There are also drives using two 
motors, or multiple capstans with sprung 
loops of tape, or combinations of all 
these; however, discussion of these sys- 
tems is beyond the scope of the present 
course, The two systems illustrated 
are the most popular drive methods 
and will serve to illustrate the broad 
principles, 


MOTOR TYPE 

Whichever drive system is used, the 
lype of motor or motors used is quite 
important, as the speed regulation and 
genera] performance of the motors de- 


lermines to a very large extent the 
quality of the recording. As the tape 
speed in a capstan-drive system is 


directly controlled by the capstan speed, 
the motor responsible for capstan drive 
is of prime importance in this regard. 

The majority of modern tape decks 
are intended to operate from AC; the 
choice of motor types is thus between 
commutator-type motors of the series, 
parallel or compound type, induction 
motors and synchronous-induction. 

Commutator-type motors are rarely 
used because of their poor load-speed 
and voltage-speed regulation, Four-pole, 
and occasionally two-pole, induction 
motors are used in decks of the less pre- 
tentious domestic variety and for spool 
drive in professional machines, because 
of their controllable regulation, reliabili- 
ty and modest cost. For spool drive it 
is usual to give the motors a poorly 
regulated or "torque" characteristic, 
either by running them via a series re- 
sistance or by using a high resistance 
rotor cage, 

Synchronous-induction motors — are 
used in the highest quality machines, 
particularly for capstan drive. In some 
ses the motor drives the capstan and 
flywheel via a flexible coupling, as 
shown in figure 2; in others, via a rub- 
ber intermediate wheel. Some further 
cases employ a motor havine an external 
rotor which acts es the flywheel, and 
use the motor spindle itself as the cap- 
stan. 

Baitery-operated recorders usually em- 
ploy smal] commutator-type motors, 
either fitted with a centrifugal governor 
or connected into an electronic speed 
regulation circuit, The more elaborate 
professional instruments may alterna- 
tively employ a three-phase synchronous- 
induction motor driven by a transistor- 
ised oscillator system, 
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Most modern recorders operate at a 
number of speeds. The faster speeds 
are used where high quality recording 
is essential, while the slower speeds are 
used where either tape economy or the 
need to make a long continuous record- 
ing are more important than quality. 
Standard operating speeds are 15 inches 
per second (mainly used for profes- 
sional recording), 74ips, 33ips, 1-7/8ips 
and 15/16ips. 
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Regardless of the number of motors 
used to power a deck or the drive 
system used, some sort of braking sys- 
tem must be employed to bring the 
spools fo a halt smoothly and without 
lape spillage when it is desired to stop. 
Either mechanical or electrical braking 
may be used, electrical braking being 
performed by applying DC to the spool- 
ing motors to convert them into eddy- 
current brakes. 


TAKEUP SPOOL 


MOTOR 


Figure 2: A three-motor deck, as used in the better-quality tape machines 
The use of three separate drive motors tends to make the deck simpler 
mechanically, but increases cost. 


(Tare) 


Figure 3: The basic construction of 
a magnetic head. 


Where a pulley-and-belt or interme- 
diate wheel capstan drive system is used 
it is common to provide the various 
speeds by arranging a stepped-diameter 
motor pulley to provide different drive 
ratios. In recorders where the capstan 
is directly driven either the motor is 
arranged to run at different speeds using 
electrical pole-changing, or interchang- 
able capstan bushes are, provided, each 
of a different diameter and providing a 
different tape speed from the fixed motor 
speed. 


Light braking is also applied to the 
supply spool spindle during normal re- 
cording and replay, to keep the tape 
under tension and prevent free-wheeling. 

Having looked at drive systems let us 
now turn to the magnetic heads, As we 
have seen from previous chapters these 
are small electro-magnets, having a 
narrow “air-gap” over which passes the 
magnetic oxide coating of the tape. The 
basic construction of a tape head is 
shown in figure 3. 

The “closed-C” configuration of a 
magnetic head arises from the need to 
achieve an efficient magnetic coupling 
with the tape oxide, and also from the 
desirability of scanning at any one 
moment a relatively small section of the 
oxide the latter for reasons which 
will be made clear shortly. A bar mag- 
net construction would be capable of 
only loose coupling with the oxide, and 
it would also tend to couple with a 
fairly long section at any one time; 
apat from this it would tend to be dis 
turbed by ambient magnetic fields be- 
cause of the "open" nature of the mag- 
netic path. 

The width of the gep in figure 3 is 
greatly exaggerated for clarity. The gap 
of practical heads is often barely visible, 
if at all. 1t should also be noted that 
although the gap is often called an "air- 
an open gap is rarely used as this 
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would tend to clog up with dirt and 
oxide particles. Usually the gap consists 
of a shim of non-magnetic material such 
as beryllium copper alloy, selected for its 
wear resistance. 

As indicated in figure 3 the core of 
a magn: head is often made from thin 
laminations of a  magnetically "soft" 
material such as mu-metal. Laminations 
are used for the same reason that they 
are used in power transformers — to 
reduce eddy-current losses. Another 
way of reducing such losses is to use a 
core made from a ferrite material, al- 
though to date such cores have been 
used only in erase heads because the pro- 
vision of an ex- 
tremely narrow gap 
Proves to be rather 


HEAD 
difficult. 
There are three 
separate functions 


performed by the 
heads—erasure, re- 


signal frequency; a cycle of low-fre- 
quency signal will occupy a relatively 
long section of tape, while that of a 
high-frequency signal will occupy a 
short section. The actual length will be 
given by the tape speed in ips divided 
bv the frequency in cps: thus at 
Tiips one cycle of 100cps tone will 
occupy .075in while that of a 10KC 
tone will occupy only .00075in. Lower 
tape speeds will give correspondingly 
shorter recorded cycles. 

Now to reproduce a recorded signal 
of a given frequency the gap of the 
replay head must be somewhat narrower 
than the length of tape occupied by the 


HEAD 


cording and replay. Mid 4 


The three functions 
may or may not be 

carried out by three 
separate heads, as 

we shall see a little AL 
later on for the ld 
present, however, we 

shall look a little eer 
closer at the func- 
tions and the type 
of heads best suited 
to perform them. 

In the last chapter 
we saw that super- 
sonic AC erasure involves taking the 
magnetic oxide particles through an ex- 
panding series of hysteresis loops to 
saturation in both directions, and then 
back down through a series of contract- 
ing loops until they have effectively zero 
remanence, 

For efficient erasure, then, the oxide 
must (a) be taken to saturation in pas- 
sing the erase head gap, and (b) stay 
long enough in the field of the gap to 
be cycled through a fairly large number 
of loops. These requirements are best 
met in practice by keeping the fre- 
quency of the erasing head signal below 
about 80KC (above this becomes 
100 hard to develop enough mzgnetic in- 
duction), and by making the gap of the 
head relatively wide — at least .00lin, 
and sometimes as large as .0: 
the term “relatively wide;" the erase 
head gap is still quite small, although it 
is many times larger than the gaps used 
for recording and replay, 

The requirements for a recording head 
itre somewhat similar to but slightly dif- 
ferent from those for an erase head. Al- 
though a record head must be able to 
produce a fairly high flux density 
throughout the tape oxide, for which 
Purpose alone a fairly wide gap is de- 
sirable, less power is conveniently avail- 
able for the purpose than for erasure. 
This usually means that a gap used only 
for recording should be somewhat nar- 
rower than for erasure, a typical record- 
ing head having a gap of approximately 
000Sin. 

The requirements for a replay head 
are different again from those for either 
an erase or record head. The main dif- 
ference is that the width of the gap for 
replay must be as small as possible in 
Order to obtain acceptable high fre- 
quency response. 

The reason for this is as follows: For 
a constant tape speed, the length of tape 
Occupied by a full cycle of a recorded 
signal is inversely proportional to the 
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Figure 4: Illustrating the meaning of head azimuth, its 
effect and adjustment. Correct azimuth is essential for 
high-quality reproduction. 


recorded cycle, because the head can 
Only sense changes in the magnetic 
field induced in the gap as a whole. If 
the width of the gap is comparable with 
the length of the recorded cycles the 
gap will at any instant scan a large por- 
lion of the recorded cycle. and will re- 
spond only to the average eífect of the 
portion. 

Thus at that frequency where the gap 
width is exactly equal to the length of 
a recorded cycle the replay head will 
have zero output because at every instant 
the gap will scan a complete cycle of 
the recorded signal—and the average 
value of a complete cycle is zero. 

From this it can be seen that a replay 
head with a gap of .00075in would be 
able to reproduce easily a 100cps signal 
recorded at 74ips, but would be useless 
for reproducing 10KC at the same speed. 
In fact, its response would Probably be 
unacceptable even at 7KC: to reproduce 
signals up to 10KC adequately it would 
be necessary to reduce the gap to ap- 
proximately .0003in. The use of lower 
tape speeds makes it desirable to use 
an even smaller gap, say .0001Sin or 
better. 


IMPEDANCE 


Whereas heads intended solely for era- 
sure or recording may be made in al- 
most any convenient impedance, as dic- 
tated by such factors as the number of 
permissible turns on the coils, available 
drive current, and so on, the impedance 
of a replay head is dictated by signal-to- 
noise considerations. There are two al- 
ternatives, one usually adopted in the 
more modest recorder and the other in 
professional matchines. 

The designer of the domestic recorder 
usually elects to use a high impedance 
head having many turns of very fine 
wire. In this way he produces a rela- 
tively large head output (but still only 
a few millivolts) which makes amplifier 
noise less of a problem than it might 


Otherwise be. However, this 
produce a fairly bulky head and 
Which tends to be sensitive to stra! 
fields from motors and t 

The alternative professional 
is to use a replay head having o 
few turns of wire, connected 
shielded step-up transformer. The © 
put of the transformer may be 
more than that delivered by a high im 
pedance replay head but, because th 
head itself has only a few turns of. 
it may be made quite small phy: 
and the overall sensitivity to exte 
hum fields is reduced, despite the 
that the induced hum is stepped up 
the signal. This approach is rather 
more costly than that using a hi 
impedance head, as shielded p-ur 
transformers are quite expensive. items; 
As may be seen from the foreg 
the optimum requirements for heads 
perform the functions of erasure, records 
ing and replay are somewhat different 
Because of this, the highest quality 
corders use three separate heads, each 
one of the appropriate constructio f 
also offers other advantages—one is that 
it is possible to monitor a recording be 
ing made by replaying it, at the sam 
time, with the separate replay head. 

However, because magnetic heads 
rather expensive to 


quency response on replay, yet wide 
enough to make it possible to achieve 
the required flux densities in the tape 
oxide during record, using moderate: 
power levels, 

An essential of the tape recording. 
process is that the tape oxide makes an 
intimate and reliable contact with the 
head paps. If this is not obtained, the 
recording quality suffers greatly. with 
Very poor signal-to-noise ratio and seri- 
ous loss of high frequencies, For ex- 
ample, a separation between oxide and 
gap of only .00025in on replay will re- 
duce the output at 7KC to approxi- 
mately one-quarter of its full value at 
7.5ips. 

The most usual method of ensuring. 
adequate contact is by using so-called 
PRESSURE PADS, as shown in figure 
1. These are spring-loaded levers hav- 
ing small felt pads, being arranged to 
Press the tape against the heads during 
recording and replay. 

Although pressure pads ensure that the 
Oxide and head gap remain in reliable 
contact, they can produce excessive wear 
of the heads. This arises from the diffi- 
culty of adjusting the springs on the pad« 
so that the pressure is no more than i« 
absolutely necessarv, 

Because of this, some designers elect 
not to use pads. arranging instead that 
the desired contact is achieved bv 
mounting the heads so that the tape is 
pulled past them in a hyperbolic curve. 
Providing the tape is kept under tension, 
the inward pull of the tape itself pro- 
ides sufficient contact pressure. 

Apart from oxide-gap contact, there is 
another factor which in practice proves 
to have an important bearing on the 
quality of recording and reproduction. 
This is the angle between the long dimen- 
sion of the head gap and the direction 
of tape travel, called the AZIMUTH. 
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To see why this is important, consider 
the case where the head used to make a 
particular recording has its gap perpen- 
dicular to the direction of tape travel. 
If we use the same head for replay, all 
will be well; similarly if we use another 
head for replay we will obtain high- 
quality reproduction providing the gap 
Of the second head is also perpendicular 
to the direction of tape travel. 

However if we attempt to replay the 
tape using a head with its gap at an- 
other angle, as shown in figure 4 (a), re- 
production will be very poor — parti- 
tularly at high frequencies, This is be- 
cause different sections of the head gap 
will scan different parts of the recording: 
the effect will be very similar to that 
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not always there is a wheel or button to 
enable the counter to be reset to zero. 

Let us now turn to the electronics 
section of a tape recorder. This com- 
prises two main sections: the amplifiers 
and the bias/erase oscillator. There is 
also a power supply to operate these 
sections, but this will not be considered 
here. 

Amplification must be performed 
within a tape recorder during both re- 
ording and replay. During recording 
it is required to boost the small signals 
from a microphone or gramophone pick- 
up to the point where they have suffi- 
cient amplitude to operate the recording 
head; during replay it is required to 
boost the tiny output of the replay head 
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Figure 5: Block diagrams illustrating the operation of two-head and three- 


head recorders. 


which would be obtained with 
gap as wide as the scanned se: 
tape "d. 


For optimum recording quality, then. 
it is essential that the recording and re- 
play head gaps are both at the same 
angle relative to the direction of tape 
travel. In practice this means that all 
heads of all recorders are adjusted 
to have a standard azimuth, in order 
that a tape recorded on any machine 
may be replayed on any other machine. 
The standard azimuth is 90 degrees to 
the direction of tape travel. 


The standard way of providing for 
azimuth adjustment is to use a head 
mounting like that shown in figure 4 (b). 
The head is supported on a knife-edge 
sitting in a groove. It is tilted and 
clamped at the appropriate angle by 
means of the small screws and springs. 
Azimuth adjustment is often omitted 
on erase heads as these are not as 
critical as record and replay heads; a fix- 
ed mounting is found sufficiently 
accurate. 

Before we pass to the electronics side 
of tape recorders one or two small points 
about decks may be mentioned. 

Often decks are fitted with an "instant 
stop" or PAUSE control, to permit the 
tape to be stopped for a short period 
without turning off the power to the 
motors. Typical pause controls simply 
lift the pinch wheel away from the tape 
and capstan; they may or may not allow 
for latching the pinch wheel in the re- 
tracted position for extended pauses. 

Many tape decks have a tape position 
indicating device consisting of a series 
of counter wheels or a geared dial oper- 
ated by a belt and pulley system from 
one of the spool spindles. Usually but 
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Domestic recorders are usually of the two-heod variety. 


to the point where it can operate a loud- 
speaker. 

In elaborate recorders, these functions 
are performed by two separate amplifiers 
as in figure 5 (a); this is in fact desir- 
able where three heads are. used. How- 
ever in most domestic recorders economy 
dictates that a single amplifier is used 
for both functions. The input and out- 
put of the amplifier are switched to the 
appropriate points, as shown in figure 
5 (b). 

With either system it is necessary to 
employ frequency correction or EQUAL- 
ISATION along with amplification dur 
ing both recording and replay. This is 
necessary in order to compensate for 
various losses in the recording and re- 
play processes and arrive at a system 
which produces a replay signal which is 
a faithful copy of the signal originally 
recorded. 

Losses occur in the recording head 
and recording process which degrade 
the high frequencies more than the low 
frequencies. For this reason it is usual 
to apply a certain amount of treble 
boost or PRE-EMPHASIS to the signal 
during recording. 

During replay, both bass and treble 
boost must be applied to produce pro- 
perly balanced reproduction. Bass boost 
is necessary because the output from a 
replay head is fundamentally propor- 
tional to rate of change of recorded flux 
density and, accordingly, rises with fre- 
quency; treble boost must be applied be- 
cause of head losses and falling response 
as the gap width approaches the length 
of a recorded cycle at high frequencies. 

Strictly, both recording and replay 
equalisation must be changed for each 
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operating speed and, the more elab- 


orate recorders, this is done. However, 
it may not be done in recorders of the 
cheaper variety, the designer saving on 
switch wafers and components by adopt- 
ing values of equalisation which give 
satisfactory—though not necessarily opti- 
mum—operation at a number of, speeds. 

Apart from the need for providing 
and switching equalisation circuitry and 
the need for switching amplifier inputs 
and outputs for recording and replay, 
tape recorder amplifiers employ fairly 
standard circuitry, However, special care 
must usually be taken with the input or 


FULL TRACK RECORDING 
=> 


head. In fact, unless the erase head is 
well designed it is difficult to achieve 
satisfactory erasure above about 50- 
60KC. 

The conflict between bias and erase 
frequency requirements usually results in 
a compromise, as both are usually gen- 
erated by the one oscillator and must 
accordingly be the same frequency. In 
recorders of the cheaper variety the 
compromise frequency is often around 
SOKC, while in semi-professional re- 
corders it may be 80KC or even 100KC 
where a high-quality erase head is used. 

In the most elaborate recorders, where 
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Figure 6: The various track systems in common use. These were discussed in 
chopter 17, of December, 1964. 


preamplifier stages to keep hum and 
noise to an acceptably low level, 
During recording it is important that 


the recording level be kept high enough 
lo obtain a sufficiently large signal-to- 
noise ratio yet below the point where 
tape or head saturation cause distoration. 
A recording level monitor is therefore 
provided, 


In domestic recorders of the simpler 
variety this may simply be a neon lamp 
or pair of neons arranged to glow at 
appropriate signal levels. Some record- 
vrs use "magic eye" indicator tubes for 
the same purpose, while professional re- 
corders usually provide a moving coil 
meter whose needle moves proportionally 
to either the peak or average value of 
the recording signal. 

In most recorders supersonic bias and 
erase voltages are generated by a valve 
Or transistor oscillator circuit. The 
oscillator is usually arranged to feed 
supersonic signals directly to the erase 
head, but indirectly to the recording 
head by way of a variable control. This 
allows the user to find the optimum 
value of bias for the particular tape 
used. 

During the recording process there is 
a tendency for the supersonic bias and 
the high frequencies in the recording 
signal to beat or heterodyne together to 
produce distortion and “chirps.” Be- 
cause of this tendency, the bias fre- 
quency is made as high as possible 
that any beats produced will tend to 
Supersonic and inaudible, A bi; 
quency of at least 80 to 100KC is usu- 
ally considered necessary to reduce this 
effect to a satisfactory minimum. 

This often raises problems where the 
erase function is concerned, as it is hard 
to achieve efficient erasure at such high 
frequencies due to losses in the erase 
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cost is no object, two separate oscilla- 
tors may be used. The erase oscillator 
delivers a signal of 50-70KC, for opti- 
mum erasure, while the bias oscillator 
delivers some 100-120KC for low re- 
cording distortion, 

Most recorders feature a mechanical 
or electrical “interlock” system associat- 
ed with the “recording” control 
switch controlling power to the bi 
erase oscillator, The interlock is simp- 
ly to prevent the operator turning the 
recording and erasure circuitry on acci. 
dentally, which might ruin a treasured 
recording. 

A typical interlock involves a button 
which must be pressed down before the 
main control can be turned to “record.” 


The button may work a_ mechanical 
lock or stop via levers, or it may be a 
switch which completes the circuit to a 
relay. 

In some professional machines there 
is no interlock of this type, but a switch 
at the back of the machine which can 
only be turned using a removable key. 
This makes the recorder quite “safe” 
where non-technical operators must use 
the machine to replay valuable tapes. 

To conclude this chapter we should 
perhaps mention stereo tape recorders, 
Which permit simultaneous recording and 
replay of the two channels of a conven- 
tional stereo signal. 

In essence a stereo tape recorder is 
simply two recorders in one, recording 
and replaying adjacent tracks on a 
single ribbon of tape. However, in 
practice, a stereo tape recorder tends to 
be a fairly complex piece of equipment. 

Part of the reason for this is that 
stereo involves additional controls, over 
and above those for two mono re- 
corders—such as balance controls and 
channel reversing facilities, Also it is 
usual for the designer of a stereo tape 
recorder to provide for mono recording. 
and replay on either of the two tracks 
separately, and this involves extra 
switching, Again the designer may i 
clude more extensive input signal mi: 
ing facilities than in common mono re- 
corders, as mixing is more essential in 
producing a worthwhile stereo record- 
ing, 

One of the main reasons for the cur- 
rent popularity of stereo tape recorders 
is the growing number of pre-recorded 
stereo tapes available, competing with 
the microgroove disc as a medium of 
home entertainment. Although stereo 
tapes tend to be less convenient, some- 
what noisier and rather more costly 
than discs, they offer extended frequency 
response and improved channel sepata- 
tion, 

To replay pre-recorded stereo tapes it 
is not necessary to have a complete 
stereo recorder, however. Thus many 
audio enthusiasts elect to take simpler 
and less costly alternatives, such as a 
"replay only" tape deck-and-replay pre- 
amp combination connected to their 
existing stereo system, or a recorder 
having only mono recording facilities 
combined with facilities for stereo re- 
play, B 
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